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VALIDATION OF A ROLLING-LOGIT MODEL TO PREDICT TSE 
CORPORATE BANKRUPTCY 
Abstract 
Chia-Liang Lin 
For more than 50 years, predicting corporate bankruptcy has been a critical topic 
of global interest resulting in significant research devoted to the development and 
refinement of corporate bankruptcy prediction models. However, most studies 
overwhelmingly concentrated on using single period's information to identify bankruptcy 
risks and very few studies investigated the role of previous information in prediction 
models. Morris (1997) and Um (2001) used a rolling-logit model based on previous and 
present information to measure the risks of corporations, but presented an inconsistency 
about the predictive ability. This inconsistency suggested more research efforts to 
verify the predictive ability of the model. Furthermore, there was a lack of empirical 
studies that adopted this method to predict the bankruptcies of Taiwanese corporations. 
Therefore, this study attempted to validate a rolling-logit model in predicting TSE 
(Taiwan Security Exchange) corporate bankruptcy. 
Using non-probability purposive sampling, 52 TSE corporations were matched 
with 52 non-bankrupt corporations during the period 1999-2005. Based on the sample, 
a predictive and secondary research design was conducted to (a) describe the 
characteristics of the sample TSE corporations, (b) compare financial and auditing 
characteristics between bankrupt and non-bankrupt TSE corporations, and (c) validate the 
usefulness of the rolling-logit model in predicting TSE corporation bankruptcies. 
The results of the mean comparison tests in financial ratios supported that a 
failing TSE corporation usually experienced declining earnings and liquidity, while 
simultaneously having a higher leverage position. Furthermore, the results of the mean 
comparison tests in auditing indicators disclosed that an aggravated financial condition 
would be critical in determining whether an auditor issues an unclean opinion or a 
corporation changes its incumbent auditor. Finally, the results of the validation of the 
rolling-logit model demonstrated that the model, compared to the benchmark model, 
exhibited higher overall accuracy. The successful performance was attributed to a recall 
mechanism which allows the model to measure a corporation's risks based upon 
consistent information across time. However, this study had limitations due to the 
selection of the sample and variables. Future research could validate its applicability in 
other markets or select other explanatory variables in order to improve the predictive 
ability. 
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CHAPTER I 
INTRODUCTION TO THE STUDY 
Introduction and Background to the Problem 
Corporate bankruptcy usually impacts the liquidity of capital markets and the 
development of an economy (Nishikawa, 2002; Bratton & Gulti, 2004). During times of 
bankruptcies, banks usually deflate credit and request more risk premiums for corporate 
loans with the intention of compensating and controlling for unexpected losses 
(,T%hikawa, 2002; Bernhardsen & Larsen, 2003). Similarly, institutional investors, such 
as pension funds and insurance companies, decline to purchase stocks and bonds from 
banks or in capital markets at these times, resulting in handicapping the liquidity of the 
capital market, raising capital costs for businesses, and stagnating the growth of an 
economy. Due to these adverse impacts on the capital market and economy, there has 
been substantial interest by researchers and practitioners in using various approaches to 
develop prediction models in order to reduce the magnitude of loss and the impact caused 
by bankruptcies. 
Beaver (1966) adopted the dichotomous classification test to develop a univariate 
ratio prediction model and found six financial ratios that could individually be used to 
classify bankrupt and non-bankrupt firms. Altman (1968) criticized univariate analysis 
as potentially providing confusing and conflicting discriminating criteria. He therefore 
applied multiple discriminant analysis (MDA) to develop a Z-score model that could 
consider a number of financial ratios simultaneously and provide the most discriminating 
overall index for differentiating between failed and non-failed companies. Deakin 
(1976) pointed out that most financial ratios are not normally distributed and that this fact 
limits the validity of MDA models. To respond to the limits of the MDA method, 
Ohlson (1980), Zavgren (1985), Gilbert (1990) and Morris (1997) applied a logit method 
to develop prediction models. ANN (Artificial Neural Network) is the other popular 
method in bankruptcy prediction studies. This computing method uses technological 
advancements and does not need certain requirements of predictor variables. These 
advantages of the ANN prediction model have been impressive in discriminating between 
failed and non-failed companies, as demonstrated in reviewed studies of Odom and 
Sharda (1990), Charalambous et al. (2000), Anandarajan et al. (2001), and Charitou et al. 
(2004). 
Significant research has been devoted to the development and refinement of 
corporate bankruptcy prediction models. However, most corporate prediction studies 
overwhelmingly concentrated on using single period information to identify bankruptcy 
risks. When subjected to single period data, most prediction models convey a limited 
amount of information for the analyst (Morris, 1997). Therefore, Morris (1997) 
developed a rolling-logit model based on previous and present information. This model 
was shown to be useful in predicting U.K. corporate bankruptcy. Um (2001) used the 
same method to predict Korean corporate bankruptcy during the Asian financial crisis, 
but found that the recall mechanism, which captures previous information in the 
rolling-logit model, was not significant in predicting bankruptcy events. This 
inconsistency suggested a need for more research efforts to ascertain the predictive ability 
of a rolling-logit prediction model. Furthermore, there was a lack of empirical studies 
which adopted the rolling-logit method to construct a model in predicting the bankruptcy 
of Taiwanese corporations. As a result, this present study attempted to validate a 
rolling-logit prediction model in predicting Taiwanese corporate bankruptcy. 
Introduction to the Taiwan Security Exchange (TSE) 
In Taiwan, the Taiwan Security Exchange (TSE) is the main capital market, 
which undertakes significant stock trading for Taiwanese investors and offers Taiwanese 
businesses an important source for raising additional capital for expansion. According 
to the statistics published by TSEC in 2007, there were 688 listed companies and NT 
23,900 billion dollars of trading value in the TSE market in 2006. The trading volume 
was 82.3% of all stock trading volume in that year. These statistics point out that the 
TSE plays a critical role in facilitating capital transformation in Taiwan. Due to its 
importance, bankruptcy events of TSE corporations usually cause enormous losses to 
investors and depress the liquidity of Taiwan security markets and banking system, which 
results in Taiwan suffering social costs. Therefore, there needs to be more research to 
develop an efficient model in predicting TSE corporate bankruptcy that can serve as an 
early warning for Taiwanese investors, bankers, and corporate managers and lessen the 
adverse impact on the market. 
Purpose 
The purpose of this study was to examine whether a rolling-logit prediction model, 
in conjunction with financial ratios and auditing indicators, can capture the symptoms of 
failed TSE corporations and can predict corporate bankruptcy successfully. As 
indicated in previous research, financial ratios are predominant predictor variables and 
provide significant explanatory abilities in discriminating between bankrupt corporations 
and non-bankrupt corporations. However, the ratios could be manipulated by managers, 
especially when companies approach bankruptcy. Manipulations distort the consistency 
of financial information and deteriorate predictive ability of a prediction model (Schwartz, 
1982; Kluger & Shields, 1989; Laitinen & Laitinen, 1998; Guy & Carmichael, 2001; 
Grice & Dugan; 2001). 
Based on the previous reviewed research, this study found that auditing indicators 
and the rolling-logit model are valuable measures to mitigate the negative impacts of 
management manipulations on a prediction model. Kluger and Sheilds (1989) and Guy 
and Carmichael(2001) pointed out that auditing indicators disclose the accuracy and 
integrity of a company's financial statements and convey additional valuable information 
beyond financial ratios for corporate bankruptcy prediction. Empirical studies have 
demonstrated that auditing indicators are an efficient early signal and have incremental 
abilities in predicting corporate bankruptcy. Moreover, a rolling-logit model provides a 
reliable measure to assess a company's default risks. Under the concept of Morris 
(1997), the rolling-logit prediction model measures a corporation's risks based on present 
and previous information, and not solely on single period information. Therefore, the 
mechanism helps a prediction model to measure a corporation's bankruptcy probability 
by using information over periods, which lessen the negative impact from managers' 
manipulation of financial information in any period. 
Whereas auditing information and the rolling-logit model are expected to mitigate 
the negative impacts of management manipulations on prediction models, there was a 
lack of empirical studies that combined these two mechanisms in bankruptcy prediction. 
As a result, this study used a quantitative, non-experimental, predictive and secondary 
research design to examine whether a rolling-logit prediction model based on both 
financial ratios and auditing indicators can serve as an effective early signal to impending 
bankruptcy. Furthermore, the specific purposes of this study were to: 
1. Describe the profile characteristics of the sample TSE corporations; 
2. Investigate and compare financial ratios and auditing characteristics between 
bankrupt TSE corporations and non-bankrupt TSE corporations; 
3. Validate the usefulness of the rolling-logit model in predicting TSE 
corporation bankruptcies; and 
4. Generate implications for Taiwanese practitioners according to the results and 
findings of this study. 
Definition of Terms 
The theoretical and operational definitions of the predicted (dependent) variable 
and predictor (independent) variables used in this study are described next. The 
predicted variable was a binary variable to indicate financial situation, bankruptcy or 
non-bankruptcy. The predictor variables were financial ratios, auditing indicators, and 
previous bankruptcy probability (the recall mechanism in rolling-logit prediction). 
Predictor Variables 
Financial Ratios 
Theoretical definition. Financial ratios are a valuable measure for disclosing 
important financial information and assessing the financial condition of a company 
(Tamari, 1978; Gibson, 1982; White et al., 1993; Malonis, 2000; Hossari & Rahman, 
2005). 
Operational definition. In this study, financial ratios consisted of profitability 
ratios, liquidity ratios, and performance ratios to frame the financial situation of a firm 
and mainly represent the effects of internal and external factors on the probability of 
corporate bankruptcy. 
Financial ratios: Projitability ratios. Profitability ratios show the earning 
capabilities of a company on the integral effects of liquidity, leverage and asset 
management (Tamari, 1978; Altman, 1968 & 1993; White et al., 1993; Morris 1997, 
Falkenstein et al., 2000). The ratios indicate the effect of managerial decisions on a 
company's productivity, and the competitiveness of the company in the market. Higher 
profitability ratios represent that a company has more earning creativeness and 
effectiveness of operations and lower probability of bankruptcy. The profitability ratios 
in this study were the return on assets and the return on equity. 
Financial ratios: Liquidity ratios. Liquidity ratios refer to a company's 
short-term solvency based on the relationships between its current obligations and assets 
(Altman, 1968 & 1993; White et al., 1993; Morris, 1997; Falkenstein et al., 2000). The 
ratios mainly measure a company's capacities to meet its matured obligations without 
having to liquidate its long-term assets, or cease operations. Higher liquidity ratios 
represent that a company holds a more liquid position to cover current liabilities and 
exhibits a lower probability of bankruptcy. The liquidity ratios in this study were the 
current ratio, the quick ratio, the cash to current liabilities, and the working capital to total 
assets. 
Financial ratios: Leverage ratios. Leverage ratios measure the proportion of 
borrowed funds from creditors, relative to the firm's equity, to support its activities 
(Tamari, 1978; Altman, 1968 & 1993; White et al., 1993; Morris, 1997; Falkenstein et al., 
2000). The ratios indicate not only a company's reliance on debt but also its obligations 
to creditors. A company with higher leverage ratios has to spend more of its cash or 
liquidity assets on the interest payments on its borrowed funds. Under this condition, 
the company will have less free capital (cushions) to protect the company against any 
substantial decrease in liquidity or sudden changes in the market. Higher leverage ratios 
mean that a company has more debt obligations to it creditors and thus usually has a 
higher probability of bankruptcy. The leverage ratios in this study were the debt ratio 
and the fixed assets ratio. 
Financial Ratios: Performance ratios. Performance ratios refer to the 
efficiency of a company's asset management. The ratios examine the efficiency of a 
company in using it assets to generate income and the capacity of management to deal 
with competitive conditions. Higher performance ratios mean the more effective a 
company is managing its different assets and imply a lower probability of bankruptcy. 
The performance ratios in this study were the total assets turnover rate, the inventories 
turnover rate, and the account receivables turnover rate. 
Auditing Indicators 
Theoretical definition. Auditing indicators refer to a measure to disclose 
accuracy and integrity of a company's annual financial statements (Guy & Carmichael, 
2001). 
Operational definition. In this study, auditing indicators consisted of two 
dummy variables, auditor opinion and opinion change. 
Auditing indicators: Auditor opinion. Auditor opinion refers to a statement 
signed by an auditor expressing his or her opinion about the quality of information 
contained in a company's financial statements and reports (Downes & Goodman, 2003). 
If any problem is substantive to the accuracies of an entity's financial reports and the 
uncertainty about its financial position, an auditor shall issue a qualified, disclaimer, 
adverse or going concern qualification opinion on the auditing report. The variable of 
auditor opinion was used in previous studies to capture the accuracy and integrity of a 
company's annual financial statements. The empirical results of studies of Altman and 
McGough (1974), Menon and Schwartz (1986), and Flagg et al. (1991) indicated that 
failing firms have higher incidences of receiving qualified, adverse, disclaimer, or going 
concern qualification opinions. This indicates that there is a positive relationship 
between the probability of bankruptcy and the incidence of these un-clean opinions. In 
this study, the variable of auditor opinion was a dummy variable to indicate the quality of 
company's financial reports. 
Auditing indicators: Auditor change. The indicator of auditor change is a 
measure to disclose the behavior of opinion shopping which refers to a firm changing to a 
new auditor that will express the desired opinion for its financial reporting (Downes & 
Goodman, 2003). Chow and Rice (1982) and Schwartz and Menon (1985) found that 
failing firms frequently want to use more aggressive accounting principles than their 
incumbent auditor allows, and the anticipated disagreement between the failing firm and 
the auditor motivates the firm to engage in opinion shopping in order to seek a less 
conservative auditor who will suppress the company's deteriorating financial position 
from investors and creditors. This indicated that there is a positive relationship between 
the probability of bankruptcy and the incidence of auditor change. In this study, the 
variable of auditor change was a dummy variable to indicate the behavior of a company's 
opinion shopping. 
Previous Bankruptcy Probability 
Theoretical definition. Previous bankruptcy probability refers to an indicator 
capturing previous information over a period of time prior to failure (Morris, 1997). 
Operational definition. In a rolling-logit model, the variable of previous 
bankruptcy probability, as a score estimated at year t-1, is included as a predictor variable 
for a model estimated at year t. The recall mechanism enables a prediction model to 
capture the information of other predictor (independent) variables in previous periods. 
The information, estimated from the previous and present information, is rolling forward 
as predictor variables into the next period's prediction model, and then produces 
incremental information over time. Under the rolling-logit concept, this study included 
the variable of previous bankruptcy probability (PBP) to represent financial information 
of a firm in the previous periods. 
Predicted Variable 
The predicted variable in corporate prediction studies is usually a binary variable 
used to indicate the financial position of a company-bankruptcy or non-bankruptcy. In 
this section, the theoretical and operational definitions of the predicted variable used for 
this study are presented. 
Bankrupt Corporation 
Theoretical definition. Bankruptcy is defined as "the condition under which the 
financial positions of an individual corporation or other legal entity are such as to cause 
actual or legal insolvency" (Rosenberg, 1993, p. 93). 
Operational definition. This study defined a TSE corporation as a bankrupt 
corporation, by the following two criteria: 
1. A listed company was declared to be de-listed or under special arrangements 
(trading in full amount or suspension of trading) by the TSEC during the 
observation period based on (a) Article 49, Article 50, and Article 50-1 of 
Operation Rules of TSEC amended on April, 29,2005. 
2. The reasons for declarations were that the company was in (a) the incubation 
stage and needed financial support, (b) the cash shortage stage and 
encountered difficulty in meeting its current obligations, or (c) the insolvency 
stage and declared a reorganization process. 
Non-Bankrupt Corporation 
Theoretical Definition. Based on the above definition, non-barlkruptcy would 
be defined as the condition under which a company is not in actual or legal insolvency. 
Operational definition. In this study, a non-bankrupt corporation was defined as 
a company that did not have conditions of financial distress described in the above 
regulations and was still a listed company in one of the two markets during the 
observation period. 
Justification 
This study is justified by its expected contributions to practice and future 
scholarly inquiries. A prediction model can benefit the stakeholders of a corporation, 
such as managers, investors and debtors, and can reduce the social cost stemming from 
corporate failures. The signals from prediction models direct managers to reinforce the 
liquidity and operation of companies in order to reduce their probability of failure. The 
models help banks and institutional investors not only to assess credit risks, and decide 
the volume of target lending or investments, but also to request sensible and reasonable 
risk premiums for the different risk rankings. Therefore, this study attempted to develop 
a more accurate prediction model to generate more valuable practical implications for 
Taiwanese practitioners. 
Previous researchers have demonstrated the role of auditing indicators and the 
rolling-logit model in mitigating the negative impacts of management manipulations in 
financial ratios on prediction models. However, there is a lack of empirical studies 
which combine these two mechanisms in bankruptcy predictions and which validate the 
predictive ability. This gap led this study to develop a rolling-logit prediction model in 
conjunction with financial ratios and auditing indicators, and validate its predictive ability 
through empirical results. The empirical results and findings in this study were 
expected to identify future areas of scholarly inquiry. 
Delimitations and Scope 
To promote feasibility and validity, this study had delimitations in regard to the 
geographic area, stock market and sample corporations. The delimitation in geographic 
area was done to promote the feasibility of this study and attributed to the accessibility of 
data. To enhance the validity of developing prediction models, the study excluded 
companies which were in the banking and insurance industry or those which listed their 
stocks on other stock markets in Taiwan such as Taiwan OTC market. The specific 
delimitations of this study were: 
, 1. The geographic area was limited to Taiwan. 
2. The study excluded banking and insurance corporations listed in the TSE 
market, because a different method is used to calculate financial ratios of 
banking and insurance companies in the Taiwan Economic Journal database. 
3. This study excluded companies listed in other stock markets in Taiwan, such as 
the Taiwan Over-the-counter (OTC) stock market. 
4. This study excluded bankrupt TSE corporations, because the required data of 
financial and auditing information of the companies were missing and 
incomplete in the database of TEJ and TSFI. 
5. This study excluded bankrupt TSE corporations when a bankrupt company 
could not be appropriately match-paired with a non-bankrupt one according to 
the industry. 
6.  This study excluded de-listed or special arrangement companies during the 
observation period, because the reasons for declarations were unrelated to the 
definitions of corporate bankruptcy in this study, such as those that voluntarily 
de-listed, those that experienced labor disputes, those that violated 
environmental pollution policy, or those that had abnormal transactions in the 
TSE market. 
Chapter I introduced the topic-the validation of a rolling-logit model to predict 
TSE corporation bankruptcy. This chapter included the introduction and background to 
the problem, the purposes of the study, the definition of terms used in this study, the 
justification for the study, and delimitations and scope. The introduction section stated 
the impact of corporate bankruptcy, an overview of prediction models and the importance 
of corporate bankruptcy prediction. The purpose of the study described the motivation 
for this study and proposes the specified purposes. Definitions of terms introduced both 
theoretical and operational definitions for each of the terms used in this study. Finally, 
the justifications and delimitations of this study were also stated. 

CHAPTER I1 
LITERATURE REVIEW, THEORETICAL FRAMEWORK, AND RESEARCH 
QUESTIONS AND HYPOTHESES 
For more than fifty years predicting corporate bankruptcy has been an important 
topic of global interest resulting in significant efforts of research devoted to the 
development and refinement of corporate bankruptcy prediction models. The enduring 
interest in this field is evidenced by the diversity of multiple studies, which differ in 
predictor variables and statistical methods. This chapter presented a literature review, 
theoretical framework, research questions and hypotheses identified in this study 
regarding this important topic. The aim of the literature review was to provide a 
discussion of findings from previous studies about the topic of corporate bankruptcy. 
The review was divided into two parts. The first part concentrated on the key concepts 
of corporate bankruptcy, and the studies using financial ratios to construct prediction 
models by applying various methods. The second part reviewed the relationship 
between corporate bankruptcy and auditing information and discussed the usefulness of 
auditing indicators in prediction models. Finally, this study presented a theoretical 
framework, research questions, and hypotheses to emphasize the gaps found in the 
current literature. 
Review of the Literature 
Definition of Corporate Bankruptcy 
Corporate bankruptcy is "the condition under which the financial position of a 
corporation, or legal entity as such as to cause actual or legal insolvency" (Rosenberg, 
1993, p. 93). Namely, corporate bankruptcy refers to not only the legal insolvency 
status of a firm, but also the financial distress status of a firm in the prior-bankruptcy 
stage. Newton (2003) asserted that corporate bankruptcy is the result of a gradually 
deteriorating process confronting a firm, consisting of three stages-incubation stage, cash 
shortage stage, and insolvency stage. 
In the literature, corporate bankruptcy has been defined in numerous ways, 
depending on specific perspectives of each study. Various terms defining bankruptcy 
have been used interchangeably, such as business failure, corporate default, insolvency, 
and financial distress. Altman (1968) used a legal perspective to define corporate 
bankruptcy in his study. He defined a bankrupt corporation as a firm that was involved 
in court actions such as filing under the Bankruptcy Act or claiming for reorganization or 
arrangement with creditors. Beaver (1 966), Zopounidis and Doumpos (2002), Baker 
and Thompson (2000), and Stiglitz (1999) defined corporate bankruptcy from the 
creditor's perspective. They asserted that bankrupt corporations should include firms 
which cannot meet its debt obligations to its creditors or which overdraw their bank 
accounts. Moreover, Wruck (1990) adopted two concepts of flow-based insolvency and 
stock-based insolvency' to define corporate bankruptcy in his study. Similarly, most 
Taiwanese empirical studies apply nos. 49,50, and 50-1 of the Operation Rules of TSEC 
to include companies in the bankrupt stage or prior-bankruptcy stage as bankrupt 
companies. 
As indicated in the above studies, the scope of bankruptcy studies is not limited to 
court adjudicated failure, but also emphasize the process or the problems that a firm 
' Wruck (1990) categorized corporate bankruptcy by two concepts: flow-based insolvency - a company 
incapable of.paying its current debts, and stock-based insolvency -- a company with negative net worth. 
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confronts prior to bankruptcy. This boarder scope has led researchers to develop a 
prediction model that can provide early detection of events of corporate bankruptcy. 
Determinants of Corporate Bankruptcy 
Corporate bankruptcy, firm failure, is usually determined by various interrelated 
factors, mainly categorized as either external or internal factors (Keats & Bracker, 1988; 
Campbell, 1996; Newton, 2003). The external factors, which cannot be controlled by 
corporations but cause corporations financial difficulties, include economic changes, 
rising interest rates, and the intensity of competition in markets. On the other hand, 
internal factors or firm specifics include instances in which managers made mistakes or 
failed to take necessary actions in past managerial decisions. The interaction effects of 
false managerial actions and aggravating external factors usually deteriorate a firm's 
performance or liquidity of a failing corporation and increase the likelihood of 
bankruptcy (Keats & Bracker, 1988; Matthews & Scott, 1995; Cybinski, 2001; Yusuf, 
2002; Darayseh, Waples & Tsoukalas, 2003; Newton, 2003). 
In empirical research, Gaskill, VanAuken, and Manning (1993) conducted a study 
to investigate the interaction effects of external and internal factors on business failure. 
The study developed 35 items with a 1-5 Likert-type scale based on Keats and Bracker's 
six concepts (1988) to measure the impacts of external and internal factors on business 
failure. They used interview and survey methodology to collect data. The data 
collection consisted of three stages: (a) 110 previous business owners from 1987 and 
1988 were obtained from the Iowa Department sales tax permit tapes, (b) 135 past 
business owners from 1989 to 1991 were obtained through requests to Chamber of 
Commerce directors to identify those owners discontinuing their operations during that 
period in Iowa, and (c) a target sample was identified, consisting of 130 of these 245 past 
business owners discontinuing their operations due to financial difficulties. 
This study mailed questionnaires to those 130 target owners and received 91 
completed surveys returned, a respondent rate of 70%. After collecting data, the study 
used factor analysis with criteria of loading greater than 0.45 to extract the four most 
representative factors in their study. The four factors were poor management strategies, 
inefficiency of working capital management, overexpansion, and external competitive 
environment. Furthermore, this study measured the Pearson correlation coefficients 
among the four representative factors and found that there was a mild correlation among 
the factors with significance level of 5%. This finding lead to the conclusion that poor 
management functions, inefficiency of working capital management, overexpansion, and 
competitive environment were the main factors causing firm failure, and these factors 
produced interactive effects on firm failures. 
The strengths of the study are that the study (1) used three sample collection 
stages to assure the target sample, (2) had a 70% respondent rate which confirmed the 
internal validity of this study, and (3) used component correlation analysis to investigate 
the interaction relationships between representative factors-poor management function, 
inefficiency of working capital management, overexpansion, and competitive 
environment. The findings are consistent with Keats and Brackers' postulations (1988) 
and Newton's study (2003) that the interaction effects of external and internal factors 
simultaneously influence both firm performance and the probability of corporate 
bankruptcy. 
Financial Ratios and Corporate Bankruptcy Prediction Models 
The problem of corporate bankruptcy can be examined either by observing the 
direct impacts of internal and external factors on failed companies, or by scrutinizing a 
firm's failure through financial ratios, which mainly reflect the interaction effects of 
internal and external factors on a firm's deteriorating financial situation (Foster, 1986; 
Morris, 1997). Since Beaver's pioneering work (1 966), financial ratio analysis has 
become the predominant approach in investigating the characteristics of corporate 
bankruptcy (Altman, 1983 & 1993). 
Financial Ratios 
Financial ratios are a valuable measure for disclosing important financial 
information and assessing the financial condition of a company (Tamari, 1978; Gibson, 
1982; White et al., 1993; Malonis, 2000; Hossari & Rahman, 2005). Because financial 
ratios are normalized to firm size, financial ratio analysis is used extensively to examine 
the performance of an individual firm over a period of time, as well as to offer a basis for 
inter-firm comparisons (Tamari, 1978; White et al., 1993; Meric, Weidman, Welsh & 
Meric, 2002; Brown, Syobel & Stickney, 1994; Luo & Chen 1995). 
In addition to being a valuable measure of comparing performance among 
corporations, financial ratios are useful predictor variables in corporate bankruptcy 
studies (Beaver, 1966; Tamari, 1978, Pinches, 1980; Altman, 1968 & 1993; White et al., 
1993; Poston, 1994; Campbell, 1996; Zavgren, 1983 & 1986; Zmijewski, 1984; Morris, 
1997; Falkenstein et al., 2000; Hossari & Rahman, 2005). There are four groups of 
financial ratios examined extensively in corporate bankruptcy prediction models. The 
four groups of ratios are profitability ratios, leverage ratios, liquidity ratios, and 
performance ratios. These four groups of ratios simultaneously examine the financial 
characteristics of a distressed (bankrupt) company, and can reflect the impacts of exterior 
and interior factors on the probability of corporate bankruptcy (Tamari, 1978; Altrnan, 
1968 & 1993; White et al., 1993; Morris, 1997; Falkenstein et al., 2000). 
Profitability ratios. Profitability ratios show the earning capabilities of a 
company on the integral effects of liquidity, leverage and asset managements (Tamari, 
1978; Altman, 1968 & 1993; White et al., 1993; Morris 1997, Falkenstein et al., 2000). 
The ratios indicate the effect of managerial decisions on a company's productivity, and 
the company's market competitiveness. A company with low profitability ratios 
represents that the company might experience declining earnings from operations, which 
will result in low net worth and a high risk of bankruptcy. Theoretically, there is a 
negative relationship between profitability ratios and the risk of bankruptcy (Tamari, 
1978; Altman, 1968 & 1993; White et al., 1993; Morris, 1997; Falkenstein et al., 2000). 
Liquidity ratios. Liquidity ratios refer to a company's,short-term solvency based 
on the relationships between its current obligations and assets (Altman, 1968 & 1993; 
White et al., 1993; Morris, 1997; Falkenstein et al., 2000). The ratios mainly measure a 
company's capacities to meet its mature obligations without having to liquidate its 
long-term assets or to cease operations. Altman (1993) stated that a failing firm usually 
shrinks its current assets so that the company is more likely to defer its interest or loan 
payments. Therefore, a firm with a low liquidity position means that the company has 
fewer current assets to meet its current obligations and exhibits a higher probability of 
bankruptcy (Tamari, 1978; Altman, 1968 & 1993; White et al., 1993; Morris, 1997; 
Falkenstein et al., 2000). 
Leverage ratios. Leverage ratios measure the proportion of borrowed funds 
from creditors, relative to the firm's equity, to support its activities (Tamari, 1978; 
Altman, 1968 & 1993; White et al., 1993; Morris, 1997; Falkenstein et al., 2000). The 
ratios indicate not only a company's reliance on debt but also its obligations to creditors. 
A company with high leverage ratios has to spend more of its cash or liquidity assets on 
interest payments on its borrowed funds. Under this condition, the company will have 
less free capital (cushions) to protect the company against any substantial decrease in 
liquidity or sudden changes in the market. Therefore, a company with higher leverage 
ratios means that the company has less capacity to withstand unexpected changes in the 
market and exhibits a higher risk of bankruptcy (Tamari, 1978; White et al., 1993; 
Altman, 1993; Morris, 1997; Falkenstein et al., 2000). 
Performance ratios. Performance ratios refer to the efficiency of a company's 
asset management (Tamari, 1978; White et al., 1993; Altman, 1993; Morris, 1997; 
Falkenstein et al., 2000). The ratios examine the efficiency of a company in using its 
assets to generate income and the capacity of management in dealing with competitive 
conditions. A company which over-invests in assets or experiences sales declines, will 
exhibit lower performance ratios. A company with lower performance ratios signals 
that the company is inefficient in managing its assets to generate income and exhibits 
high risk of bankruptcy (Tamari, 1978; White et al., 1993; Altman, 1993; Morris, 1997; 
Falkenstein et al., 2000). 
Corporate Bankruptcy Prediction Models 
Univariate analysis. Beaver (1 966) used univariate analysis through financial 
ratios to predict business failure. He asserted that financial ratios can be critical 
indicators in predicting the financial conditions and intended to develop a univariate 
approach to examine the ability of financial ratios to predict firm failure. His study used 
a pair-matched design to select a sample of 79 failed and 79 non-failed companies during 
the period of 1954-64. Each bankrupt firm was paired with a non-bankrupt firm by 
industry sector and firm size. The match design criteria helped the study to minimize 
the effects of size and inter-industry differences on firm failure. Data from the financial 
statements of these 158 sample companies was used to calculate financial ratios for the 
five years before bankruptcy. First thirty ratios were used to measure liquidity, leverage, 
and performance of companies. By comparison of mean values, the study found that the 
mean values of the failed firms were worse than of the non-failed firms. Furthermore, 
the results indicated that the mean values of the failed firms showed consistent 
deterioration, but the mean values of the non-failed firms showed consistent stability. 
Second, after demonstrating the difference in mean values of ratios between 
bankrupt and non-bankrupt firms, the researcher used the dichotomous classification 
technique to select the best predictor variables over the five-year period. The firms 
sampled in the study were divided into two groups and then arranged in ascending order. 
The study began to determine the optimal cut-off point of each ratio by minimizing the 
overall misclassification percentage in the estimated group. The study then applied the 
cut-off point and tested the predictive ability of each ratio. Based on the prediction 
results in the validation group, the study concluded that six financial ratios could be the 
best predictors of firm failure for up to five years prior to bankruptcy: (1) cash flowltotal 
debt, (2) working capitalltotal assets, (3) current assetslcurrent liabilities, (4) no-credit 
internal, (the first four ratios measure the liquidity of a company) (5) net incomeltotal 
assets (measures the profitability of a company), and (6) total debtsltotal assets (measures 
the leverage of a company). Among the six ratios, the cash flow, as a ratio of total debt, 
showed the best accuracy with 87% accuracy for one-year prior to bankruptcy and 78% 
accuracy for two-years prior to bankruptcy. 
The univariate analysis adopted in Beaver's study (1966) described above 
demonstrated the usefulness of financial ratios in predicting firm failure, but the approach 
has limitations in practice. The major disadvantage is that the approach includes only 
one ratio at a time when examining a firm's financial conditions without considering 
other financial ratios. Under univariate analysis, each individual ratio provides an 
arbitrary classifying criterion, but different ratios might provide confusing and conflicting 
criteria. Altman (1968) pointed out the conflicting results derived from the univariate 
analysis, and applied the MDA method to analyze and filter most discriminating variables 
between bankrupt and non-bankrupt corporations. 
Multiple discriminant analysis (MU). As Altman (1968) asserted, MDA has 
several advantages over the univariate analysis. First, the approach can examine a 
firm's financial condition by multiple financial ratios. Second, the Z-score, a composite 
score from MDA, provides consistent criteria in discriminating between failed and 
non-failed firms. In his study (1968), Altman collected a sample of 66 manufacturing 
firms from 1946 to 1965 by using non-probability and pair-matched design. Financial 
data was collected for both bankrupt and non-bankrupt companies. After analyzing the 
data, the study selected the five most important ratios constituting the prediction model. 
The five variables collectively represented a firm's capability for profitability, liquidity, 
leverage, and performance results from operations. A Z-score equation with a linear 
combination of these five ratios was described as follows: 
Z=0.012 XI + 0.014X2+ 0.033X3 + 0.064X4 + 0.999X5, 
Where: 
XI: Working capitalltotal assets 
Xz: Retained earningsltotal assets 
X3: Earnings before interest and taxesltotal assets 
&: Market value of equitylbook value of total debt 
X5: Salesltotal assets (Altman, 1968). 
The study used a sum of Z-scores of each predictor variable as an indicator to 
identify the bankrupt and non-bankrupt companies between 1946 and 1965. The sum of 
the Z-scores also implied the financial condition of a corporation, with the lower Z-score 
representing a weaker, and the higher number representing a stronger financial condition. 
In addition, after considering the Type I error and the Type I1 error, the model set two 
cut-off values, 1.81 and 2.75, to predict corporate bankruptcy. If the summed Z-score of 
a company is larger than 2.75, the company will be grouped as non-bankrupt. On the 
other hand, if the score is less than 1.8 1, the company will be categorized as bankrupt. 
Using the optimal cut-off values of the z-score, 1.81 and 2.75, the model exhibited 95% 
accuracy of prediction (classification) one-year prior to bankruptcy, and 72% two-years 
prior to bankruptcy. Compared to the results of Beaver's work (1966), Altrnan 
concluded that the prediction model based on MDA exhibits higher prediction ability in 
discriminating between bankrupt and non-bankrupt companies than the univariate 
analysis because the MDA approach evaluates a company's financial situation by 
multidimensional attributes. 
Altman is the first researcher to apply MDA into a corporate bankruptcy prediction 
model. The method, constructed on multi-dimensions of financial characteristics, 
provides more reliability and robust predictive ability. Since then, Altrnan's Z-score 
model has been widely applied in corporate bankruptcy prediction studies. 
Edmister (1972) attempted to apply the MDA method in predicting corporate 
bankruptcy of small firms which are companies with loans from the Small Business 
Administration (SBA). The study conducted a non-experimental and secondary analysis 
to examine the applicability of the Z-score model in predicting financial situations of 
small firms. Based on the results of the literature review in the study, 19 financial ratios 
were found significant in previous predicting studies. Among the 19 ratios, 7 ratios 
were critical and discriminating variables which were used in his study. 
The study determined two refinements in methodological issues to create more 
validity of the MDA model for prediction of small businesses bankruptcy. The first 
refinement was that the study included time trends of each ratio in the prediction model. 
He asserted that the trend ratios could provide more dynamic information and increase 
predictive ability rather than static ratios. The other refinement was that the study used 
the criteria of correlation coefficient, 0.3, to eliminate a correlated variable with another 
variable in order to overcome the problem of collinearity in the discrimination function. 
The study used matched-pair sampling design to select 21 bankrupt and 21 
non-bankrupt small companies from 1954 to 1969, totaling 42 firms in the study. The 
researcher developed a MDA model, including time trend ratios in predicting small 
business bankruptcy. Considering the type I and I1 error, the study reset a unique 
cut-off point for the model, namely 0.52, and reported that the overall accuracy of this 
model was 93%. Using the different procedure and financial ratios, the researcher 
developed a Z-score model from Altman's (1 968) model to classify the financial 
situations of small businesses. Contributions of this study were (a) verifying 
applicability of the MDA method in classifying the financial conditions of small firms, 
and (b) the time trend of financial ratios which can provide dynamic information rather 
than static ratios. 
Trieschmann and Pinches (1 973) applied a MDA design to evaluate financial 
conditions of property-liability companies. The purpose of this study was to develop a 
unique Z-score that can consider critical differences in financial characteristics between 
property-liability companies in financial distress and solvent condition. 
The study used a non-probability sampling plan to collect the financial ratios of 26 
financially distressed companies and 26 solvent companies from 1996 to 197 1, and 
analyzed the critical differences of financial characteristics between these two groups. 
The selecting mechanism helps this study to select six discriminating financial ratios in 
their Z-score: XI : agent balances/total assets, Xz: stock-cost/stocks- market value, X3: 
bonds-cost/bonds-market value, &: (loss adjustment expenses paid + underwriting 
expense paid)/ net premiums written, Xs: combined ratio, and X6: premiums written 
direct/surplus (Trieschmann & Piches, 1973). Considering the Type I error and Type I1 
error, the study set a different cut-off point of -2.241 1 for the Z-score model. This 
resulted in classifying 49 out of 52 firms, an accuracy of 94.23%. 
The Z-score model has been refined and expanded depending on the different 
needs of bankruptcy prediction studies. The evolution of the Z-score model has 
generated important suggestions for future studies: future studies can select different 
financial ratios and reset the different cut-off points in order to develop a more predictive 
model based on the different observation period or economic environment. In spite of 
the success of MDA in bankruptcy prediction studies, there exist problems with the 
approach to predict corporate bankruptcy. The first problem is the requirement of 
normality in predictor variables. Deakin (1972) pointed out that most financial ratios 
are not normally distributed and the facts limit the validity of MDA models. The second 
is that the arbitrary Z-Scores of MDA do not fall within the probability distribution of 
(0,1), and the deficit makes the results of the MDA model with little intuition for 
practitioners. 
Logit model. To respond to the limitations of MDA, Ohlson (1 980) applied the 
logit method to develop a probabilistic model of bankruptcy prediction. In the study, he 
selected nine explanatory variables from the previous literature using criteria of 
simplicity and popularity. The logit function and the definitions of variables are 
described as follows: 
Mnx L(P) = z log P (x, p) +z log(1-p (X, P)); 
B 
where 
P= (1+exp{-~~)- ' )  is a logistic function 
X1: Firm size = log (total assets1GNP price index) 
XZ: Total liabilitiesltotal assets 
X3: Working capitalltotal assets 
Xq: Current liabilitieslcurrent assets 
X5: OENEG = 1 if total liabilities exceeds total assets, otherwise 0 
X6: Net incomeltotal assets 
X7: Funds provided by operationsltotal liabilities 
Xs: INTWO= 1 if net income was negative for the last two years, otherwise 0 
X9: Changes of net Income1 the sum of net income (Ohlson, 1980). 
Using the non-probability sampling plan, the study collected a sample of 105 
bankrupt companies and 2058 non-bankrupt public companies during the period of 1970 
to 1978 and obtained the values of predictor variables for each company. The 
maximum likelihood estimating method helped this study to obtain unbiased coefficients 
of explanatory variables, and t-test individually examined the significance of every 
coefficient in the prediction model. At the 0.1 significance level, the study identified 
four predictors exhibiting significant effects on the probability of corporate bankruptcy 
for three period logit functions. The four variables are firm size, the leverage ratio 
measuring financial structure, the profitability ratios measuring performance, and the 
liquidity ratios measuring solvent ability. 
Minimizing the Type I error and Type I1 error with prediction models, the study 
set 0.5 as the cut-off point to identify a company as bankrupt or non-bankrupt. The 
function of the cut-off value is that a company would be classified as bankrupt if 
P(X,P)>O.5 in the prediction model. With the same cut-off point and the three different 
periods (one year prior, two years prior and one or two years prior) the logit models 
showed 96.12%, 95.55%, and 92.84% accuracy of prediction (classification) for 105 
bankrupt companies and 2,058 non-bankrupt companies from 1970 to 1976 respectively. 
These results conclude that the linear transformation of predictors under a specific 
probability distribution seemed to exhibit higher predictive ability and suggested that 
future studies should include more significant predictors in order to improve prediction 
power. Ohlson's study (1980) distinguished features in corporate bankruptcy prediction 
studies. First, the study based on the logit model provided more intuitive interpretations 
and results for practitioners. Second, firm size was for the first time included in the 
prediction study and found to be critical in discriminating non-bankrupt and 
non-bankrupt companies. 
Zavgren (1985) attempted to include more significant predictor variables in order 
to enhance predictive ability of the logit prediction model. The purposes of this study 
were (a) to use the two step factor analysis to select relative dependent variables, and (b) 
to examine the significance of selected variables in prediction models. The study used 
the non-probability and match-pair design to collect a sample of 45 bankrupt and 45 
non-bankrupt companies during the period 1972 -1 978. To reduce sampling bias, the 
study matched non-bankrupt and bankrupt companies by asset size and industry 
membership. 
Using the two step factor analysis method, the study selected 7 ratios with the 
highest loading on seven dimensions. The selecting mechanism helped this study to 
obtain relative independent predictor variables and reduced the problem of collinearity in 
developing models. With 7 financial ratios, Zavgren developed five prediction models 
for one to five years before bankruptcy, respectively. At a significance level of 0.05, the 
study found that the models can classify non-bankrupt and bankrupt companies at 
different periods. Furthermore, the study examined the significance of each variable in 
prediction models, and found that six of the seven ratios, except the profitability ratio, 
exhibited significance in the five models. It indicated that factor analysis can help this 
study to determine the most important predictor variables in discriminating bankruptcy 
status. The profitability ratio was the exception, which the researcher attributed to 
window dressing effects so that the variable could not be a critical variable in prediction 
models. However, the six ratios helped the study to develop significant prediction 
models with 82%, 83%, 78%, 73%, and 80% accuracy for one to five years prior to 
bankruptcy respectively. The strengths of this study were (a) the use of certain criteria 
to reduce sampling bias, and (b) the use of factor-analysis to select independent predictor 
variables for prediction models. 
Gilbert, Menon and Schwartz (1990) conducted a quantitative analysis to verify 
whether a logit prediction model could provide more information in classifying 
non-failed, distressed, and failed firms. The authors stated that bankruptcy prediction 
models in previous literature mainly made efforts in classifying the financial situations of 
bankrupt and non-bankrupt firms, but omitted discussing the probability of a distressed 
firm that entered bankruptcy or a distressed firm that had a turnaround during the 
observation period. Therefore, they applied the logit analysis to examine the ability of a 
prediction model discriminating distressed firms filing bankruptcy from others avoiding 
failure. 
The researchers used a mixed sampling plan to identify three groups of samples in 
the study: (1) a group of bankrupt firms selected from 76 U.S. firms filing Chapter 11 
during the period 1974-83; (2) a group of 304 distressed firms, which experienced 
negative cumulative earnings over any three consecutive years from 1974 to 83; (3) a 
group of 304 non-bankrupt firms randomly selected from the same period. The study 
used 14 financial ratios recommended by two previous studies, Casey and Bartczak (1 985) 
and Altman (1968). Two stepwise logit models were individually developed to classify 
bankrupt/non-bankrupt firms and bankruptldistressed firms. 
The study results indicated that the bankruptcylnon-bankruptcy prediction model 
exhibited 88.5% accuracy for the estimated sample and 90.8% of the holdout sample one 
year prior to bankruptcy. On the other hand, the bankruptcyldistressed prediction model 
did not perform well, correctly classifying only 66.7% of the estimated sample and 78% 
of the holdout sample. The researchers explained that the overlapping characteristics 
between bankrupt and distressed firms probably caused the lower performance, and that 
the actual act of filing for bankruptcy may be influenced by other factors, such as 
manager incentives. The researchers suggested that future studies could incorporate 
specific factors, such as the characteristics of management, to improve the prediction 
ability in discriminating bankrupt and distressed firms. 
In contrast to previous studies employing a logit model, Morris (1 997) used a 
rolling-logit model to examine if a prediction model incorporating previous information 
could exhibit higher explanatory and predictive ability. The rolling-logit model which 
was created by Morris (1997) used "the logarithm of the odds of a company failing at 
previous period" (p.133) as a proxy variable to represent previous financial information 
and situations of a firm, instead of using only a single period's data. The researcher 
thoroughly examined previous empirical studies such as Peel and Peel (1988), Keseay, 
McGuinness, and Short (1990), and Lau (1987). He noticed that (a) models based on a 
single period's information could convey limited information to an analyst, (b) 
mutli-logit models in previous studies, which capture financial information over a period, 
provided inconsistent predictions. This gap led the researcher to examine whether a 
rolling-logit model could produce more consistent prediction results to an analyst over 
time. 
The study developed two logit models based on the data of 70 match-paired 
samples of U.K listed companies from 1973 to 1983. One logit prediction model, based 
on six financial ratios in a single period, was first estimated. This financial prediction 
model exhibited classification accuracy of 74.8%, 75.2%, 77.5%, 81.5%, and 85.1% up 
to five years prior to bankruptcy. The other one is a rolling-logit model, based on the 
same six financial ratios and estimated previous bankruptcy probability, showed 
classification accuracy of 74.8%, 76.6%, 77.9%, 82.0%, and 86.9%. The results 
indicated that the rolling-logit prediction model exhibited higher classification ability 
than the single-period-data logit model. In addition to results of the accuracy 
comparisons, the study used the Chi-Square tests to examine the incremental explanatory 
power of the variable ofprevious bankruptcyprobability on predictions. At the 5% 
significance level, the results indicated that the variable shows significantly incremental 
explanatory power at the significance level of 5%. These empirical results led the 
researcher to conclude that the rolling-logit model can capture incremental value in other 
predictor variables over time, and convey more information to an analyst to objectively 
assess the financial situations of a firm. 
Um (2001) applied the same method, a rolling-logit model developed by Morris 
(1 997), to examine if the previous information would be contributing factors in 
discriminating Korean bankrupt and non-bankrupt firms during the Asian financial crisis. 
In his study, the rolling-logit prediction model was developed through a sample of 67 
bankrupt companies and 3 18 non-bankrupt companies listed in Korea Stock Exchange 
Market during the period 1997 to 1998. The results of coefficient estimates in the 
rolling-logit model indicated that fmancial ratios, including firm size, leverage ratio, and 
liquidity ratio, are significant indicators in predicting the financial situation of Korean 
firms during the Asian financial crisis. On the contrary, the variable ofprevious 
bankruptcy probability is not significant in the estimated rolling-logit model. The 
study's result is not consistent with that of Morris (1997). The author explained that in 
his study the variable of previous bankruptcy probability is not a significant variable in 
the estimated rolling-logit model, which was due to the sudden impact of unexpected 
external factors, such as the significant deflation in currency in 1997 on these Korean 
bankrupt manufacturing firms. 
These empirical studies (Ohlson, 1980; Zavgren, 1985; Gilbert, 1990, Morris, 
1997; Um, 2001) demonstrated that the logit approach has numerous advantages over the 
MDA. First, the logit method does not require the normality of independent bredictor) 
variables, which makes the model more appropriate in corporate bankruptcy predictions. 
Second, the dependent (predicted) variable, which represents the occurrence of 
bankruptcy, falls within the (0,l) distribution. This probabilistic characteristic can 
provide more intuitional relationship between predictor variables and the probability of 
corporate bankruptcy. 
Artijicial neural network (ANN). Different from statistical methods, Odom and 
Sharda (1990) first applied a computing technique, ANN, a neural network model for 
bankruptcy prediction, in a non-experimental study about corporate bankruptcy 
prediction models. They asserted that the ANN approach has significant superiorities 
over other prediction methods. ANN can analyze complicated patterns more efficiently 
than statistical methods and does not require restrictive statistical assumptions. These 
advantages allow the ANN prediction model to produce a high level of accuracy. The 
ANN prediction model was constructed on a three-perceptron network consisting of an 
input layer, a hidden (learning) layer, and the output layer in the prediction model. The 
model set the five nodes in both the hidden layer and the input layer with the five 
financial ratios which were the same as the ones in Altman (1 968): 
XI: Working capitalltotal assets 
X2: Retained earningsltotal assets 
X3: Earnings before interest and t8xesltotal assets 
&: Market value of equitylbook value of total debt 
X5: Salesltotal assets 
The output layer consisted of one neuron to represent the real occurrence of 
corporate bankruptcy, 0 meaning bankrupt, and 1 meaning non-bankrupt. During the 
training (learning) stage, the model set up the learning rate as 0.1 and the momentum of 
convergence as 0.8 for the training data. After the training and learning period, the 
Neural Model exhibited a superior classification rate for the holdout sample from 1975 to 
1982, compared to the MDA Model. This outcome led researchers to conclude that 
artificial neural networks might be applicable to corporate bankruptcy predictions. The 
researchers also generated the following areas for future study in the application of ANN 
on bankruptcy prediction: (a) using different ratios to increase the prediction accuracy, 
and (b) applying other neural network propagations to predict corporate bankruptcy. 
As the ANN approach emerged in corporate bankruptcy predictions, scholars 
attempted to apply various learning modes in the development of different ANN models 
and compared their accuracies with statistical methods. Charalambous, Charitou, and 
Kaourou (2000) conducted an empirical study to compare predictive abilities bewteen 
ANN models and MDA in financial distress prediction. The researchers used a 
non-experimental and secondary research design, which included 139 matched-pairs of 
bankrupt and non-bankrupt firms from 1983 to 1994. The literature review of 
Charalambous et al. (2000) was thorough in the contemporary methodologies and 
learning methods in ANN. Empirical studies using ANN and traditional statistical 
techniques were reviewed, leading to a major gap in the literature about the need for a 
comparative analysis of the contemporary prediction models. This identified gap 
resulted in Charalambous et al. (2000)'s study comparing the accuracy of different 
prediction models: ANN-Backpropagation Learning Algorithm (BP), ANN-Kohonen 
Learning Vector Quantization Training Algorithms (LVQs), ANN-Radial Basis Function 
(RBF), ANN-Minimizing the Least Squares Error Function (LSEF), and the logistic 
model. The BP, LVQ, RBF, and LSEF represent the different learning modes in ANN. 
In the study, a matched sampling plan selected a total sample of 278. The data 
collection procedures for training samples and hand out samples were clearly described. 
First, the study used the univariate analysis and stepwise regression analysis to filter the 
seven most significant variables: cash and equivalentsltotal assets, current liabilitiesltotal 
assets, changes in accounts receivable, (debt due in one year + long term debt)/total assets, 
changes in cash flow from operationslmarket value of equity, working capital from 
operationslmarket value of equity, and a dummy variable representing the condition of 
operating income. Through the learning (training) modes with the same seven input 
variables (nodes), the three ANN models showed different prediction abilities. The 
ANN-BP model showed accuracies of 73.3%, 68%, and 67.4% for three period 
predictions. For the contemporary ANN Models, the accuracies of ANN-LVQ were 
80.2%, 69.8%, and 69.8%; the accuracies of ANN-LESF were 81.4%, 73.3%, and 72.1%; 
and those of ANN-RBF were 79.1%, 73.3%, and 69.8%. This led to the conclusion that 
the contemporary ANN models were superior to the ANN-BP learning model. 
Anandarajan, Lee, and Anandarjan (2001) conducted an empirical study to 
evaluate the predictive accuracy of ANN models in financial distress situations. They 
used a non-experimental, predictive and quantitative design, ANN, of 522 firms from 
1989 to 1996. The literature review of Anandarajan et al. (2001) examined current 
studies of financial distress and discussed the methodology and learning methods in ANN 
and the roles of financial numbers in bankruptcy prediction studies. It also identified a 
major gap in the literature, a lack of genetic algorithms learning method applying in ANN 
prediction studies. The study therefore developed ANN based on genetic learning 
method (GA) and comparing its predictive ability with Backpropagation Learning 
Algorithm (BP) and MDA model. 
The predictor variables in this study were categorized into financial ratios and 
three dummy variables representing the financial situations of a company in terms of 
dividend reduction, debt default, and debt restructuring. A non-probability sampling 
plan was used to select a sample of 522 in this study. The data collection procedures, 
especially for training samples and handout samples, were clearly described. The study 
used three steps to collect variable data of 104 bankrupt and 41 8 non-bankrupt firms: (a) 
selecting financial distress firms from the Compact Disclosure database, (b) excluding 
duplicate firms and non-listed firms to produce the final sample of 522, and (c) obtaining 
variable data from the Compustat tapes. With the collected data of variables, the study 
used two different learning modes to develop ANN models and computed the accuracy of 
these three models. Comparing the accuracy of the three models, the study found that 
the overall prediction accuracy of ANN-BP, ANN-GA, and MDA were 89%, 95%, and 
44% respectively. In addition, ANN-GA exhibited lower misclassification costs than 
both ANN-BP and MDA under the considerations of different cost ratios. These 
findings demonstrated that the ANN-GA prediction model outperformed other compared 
models, ANN-BP, and MDA. Strengths of the study were: (a) providing a 
comprehensive comparative analysis on the accuracy of the three models discussed in this 
study, and (b) using the costs of misclassification to evaluate the developed prediction 
models. 
Charitou, Neophytou, and Charalambous (2004) conducted a study to compare 
corporate failure prediction models for UK companies. The literature review of 
Charitou et al., (2004) was thorough and current in the discussions of the methodology, 
the ANN model, logit model, and MDA, which lead to the major gap in the literature-the 
applicability of the models using U.S. data to predict UK company failure. This study 
intended to compare the accuracies of contemporary models when predicting UK 
corporate bankruptcy. 
A matched-paired sampling plan selected a sample of 102 companies. By 
univariate analysis and stepwise logistic analysis, the results indicated that total 
liabilitiesltotal assets and earning before interest and taxesltotal profit were the best 
predicators. In addition, using likelihood ratios test, cash flow from operationsltotal 
liabilities exhibited incremental predictive ability. Therefore, this research used the 
three predictors in different models. The overall prediction accuracies of the logit 
regression models were 80.95%, 73.81%, and 72.91% in one, two, and three years prior 
to bankruptcy respectively. The overall prediction accuracies of the ANN model were 
83.33%, 76.19%, and 75% for up to three years prior to bankruptcy. The overall 
prediction accuracies of logit-Jackknife model were 82.22%, 72.09%, and 64% for up to 
three years prior to bankruptcy. The overall prediction accuracies of the MDA model 
were 82.5%, 62.5%, and 64% for up to three years prior to bankruptcy. Comparing the 
accuracies among the different models, the study concluded that the ANN prediction 
model outperforms the others in differentiating between bankrupt and non-bankrupt U.K. 
firms. As demonstrated in the studies (Odom & Sharda, 1990; Charalambous et al., 
2000; Charitou et al., 2004), the ANN prediction model exhibits better performance in 
discriminating bankrupt and non-bankrupt companies than MDA model and logit 
prediction model. However, Makee (2000) and Koh (2004) criticized that the approach 
is like a "black box", which prevents the ANN model from examining the significance of 
each variable in the final classifications and interpreting the impacts of each variable on 
the probability of bankruptcy. 
Summary 
Three major findings can be identified from a review of the literature on financial 
ratios and bankruptcy prediction models. First, most previous studies concerning 
various kinds of bankruptcy prediction models reviewed were based on financial ratios in 
a single period's data. Only Morris (1997) and Um (2001) have been conducted to 
investigate the predictive ability which incorporates previous information of financial 
. ratios by employing the rolling-logit model. 
Second, as demonstrated in review of empirical studies, financial ratios are the 
predominated predictor variables in prediction models. The major ratios used in various 
prediction methods include profitability ratios, liquidity ratios, leverage ratios, and 
performance ratios (Tamari, 1978; Altman, 1968 & 1993; White et al., 1993; Morris, 
1997; Falkenstein et al., 2000). As indicated in Table 2-1, there is a disagreement about 
which financial ratios are the best explanatory variables in bankruptcy prediction studies. 
The lack of a theoretical model of corporate bankruptcy prediction leads some 
researchers to adopt factor analysis or component analysis to produce representing factors 
. in prediction models. Pinches (1980), Zavgren (1985), and Ezzamle, Brodie and 
Mar-Molinero (1987) in their empirical studies verified that factor analysis or component 
analysis provide consistent factors in corporate bankruptcy prediction models. 
Table 2-1 
Summary of Corporate Bankruptcy Prediction Studies Based on Financial Ratios Reviewed 
in This Study 
Trieschmann & 
Author (s) Beaver Altman Edmister Pinches 
Year 1966 1968 1972 1973 
Modell Univariate Analysis Approach MD A MDA MDA 
Predictor 1. Cash flowltotal debt 1. Working Using Dummy 1. Agent 
variable 2. Net incorneltotal capitaVtotal assets Variables to present balanceltotal assets 
assets 2. Retained the three-year trend 2. Stock-costlstock 
3. Total debtltotal assets earningsltotal assets of following ratios value 
4. Current assetsltotal 3. Earnings before 1. Annual funds 3. Bond-costhond 
assets interest & taxesltotal flowlcurrent market value 
5 Quick assetsltotal assets liabilities 4. (Loss + expense 
assets 4. Market value of 2. Equitylsales paid)/net premiums 
6. Working capitalltotal equityltotal debt 3. Net working written 
assets 5. Salesltotal assets capitallsales 5. Combined ratio 
7. CasWtotal assets 4. Current 6. Premiums written 
8. Current ratio liabilitieslequity directlsurplus 
9. Quick ratio 5. Inventory turnover 
10. CasWcurrent debt ratio 
1 1. Current assetslsales 6.  Quick ratio 
12. Quick assetslsales 7. Borrower's quick 
13. Working capitallsales ratio 
14. CasWsales 
Sample Size 158 companies 66 companies 42 manufacturing 52 companies 
(pair-match sampling (pair-matched companies (pair-matched 
design) sampling design) (pair-matched sampling design) 
sampling design) 
Sample 
Period 1954-1964 1946-1965 1966-1971 1966-1971 
Application 
of Country U.S.A. 
Conclusions 1. Six ratios could be 
best predictors of 
corporate bankruptcy: 
cash flowltotal debt, 
working capitalltotal 
assets, current 
assetslcurrent liabilities, 
no-credit internal, net 
incorneltotal assets, total 
debtltotal assets. 
2. Among 6 ratios, the 
cash flow as a ratio of 
total debt proves the best 
classification accuracy. 
U.S.A. U.S.A. 
1. MDA examines a 1. The MDA method 
f i ' s  financial can be applied into 
conditions by classifying the 
multiple dimensions. financial conditions 
2. MDA model, of small firms. 
compared to 2. The time trend 
univariate analysis, ratios of 7 financial 
provides consistent ratios, rather than 
criteria in static ratios, can 
discriminating provide dynamic 
between failed and information and 
non-failed improve predictive 
companies. ability. 
U.S.A. 
1. The financial 
ratios are important 
variables in 
predicting financial 
conditions of a 
company. 
2. The MDA model 
could be applied to 
identify financial 
distress and solvent 
companies. 
Table 2-1 (continued) 
Author(s) Ohlson Zavgren Gilbert et al. 
Year 1980 1985 1990 
- 
Modell Logit Logit Logit Approach 
Predictor 1. Log (Total assets1GNP Using factor analysis to select Cash ratios: 
variable priceinhex) 
2. Total liabilitiesltotal assets 
3. Working capitalltotal 
assets 
4. Current liabilitieslcurrent 
assets 
5. OENEG = 1 if total 
liabilities exceeds total 
assets, otherwise 0 
6. Net incomeltotal assets 
7. Funds provided by 
operationsltotal liabilities 
8. INTWO = 1 if net income 
was negative for the last two 
years, otherwise 0 
9. Changes of net income1 
the sum of net income 
Sample Size 105 failed firms & 2058 
non-failed firms 
7 ratios which represent 
critical attributes of a firm: 
1. Total incomeltotal capital 
2. Capital turnover 
3. Inventory turnover 
4. Leverage ratio 
5. Receivables turnover 
6.  Quick ratio 
7. Cashftotal asset (cash 
position) 
90 companies (pair-matched 
samcling design) 
1. Casbltotal assets 
2. Cash flowslcurrent 
liabilities 
3. Cash flowsltotal assets 
4. Cash flowsltotal liabilities 
Accrual-based ratios: 
5. Current assets1 current 
liabilities 
6 .  Current assetsltotal assets 
7. Earnings before interest & 
taxesltotal assets 
8. Equity/total debt 
9. Equityttotal liabilities 
10. Net incomeltotal assets 
1 1. Retained earningsltotal 
assets 
12. Saleslcurrent assets 
13. Total asset turnover 
14. Working capitaVtotal 
assets 
76 b a n h p t  firms 
304 distressed f m s  
. - - ,  
304 healthy f m s  
Sample 
Period 1970-1978 1972-1975 1972-1983 
Application U.S.A. U.S.A. U.S.A. 
of Country 
Conclusions 1. Logit model wovides more 1. Financial ratios, through 1. Consistent with previous 
- 
intuitive interpretations and factor analysis, can provide 
more predictive ability. highly reliable measures for 
2. Firm size is another assessing bankruptcy risk. 
critical variable in 2. Performance ratios have 
discriminating bankrupt and significantly consistent and 
non-bankrupt companies. positive effects on 
bankruptcy risk. 
3. Liauiditv ratios have 
studies, the logit model is 
successful in discriminating 
bankrupt firms and 
non-bankrupt firms. 
2. Due to some unobservable 
factors, such as management 
incentives etc., the logit 
model can not perform well 
. - 
significantly negative effects in discriminating in bankrupt 
on bankruptcy risk. firms and distressed f m s .  
Table 2-1 (continued) 
Author@) Morris Um Odom & Sharda 
Year 1997 2001 1990 
Modell 
Approach Logit (Rolling-Logit) Logit (Rolling-Logit) ANN 
Predictor 1. Earnings before interest 1. Firm size (In (total sales)) 1. Working capitalltotal 
variable & taxesltotal assets 2. Total debtsltotal assets - .  assets 
2. Current assetslcurrent 3. Quick assetslcurrent 2. Retained earningsltotal 
liabilities liabilities assets 
3. Total liabilitiesltotal 4. Cash flowltotal debt 3. Earnings before interest 
assets 5. Bankruptcy probability & taxesltotal assets 
4. Ln (total assets) (firm derived from previous 4. Market value of 
size) period equityltotal debt 
5. Salesltotal assets 5. Salesltotal assets 
6. Current assetsltotal assets 
7. Bankruptcy probability 
derived from previous 
period (previous bankruptcy 
probability) 
Samole Size 140 com~anies 67 bankruvt comvanies & 65 failed fums 
(pair-matched sampling 3 18 non-dankrupi 64 non-failed firms 
desim) companies 
Sample 
Period 1973-1983 1997-1 998 1975-1982 
Application 
of Country U.K. Korea U.S.A. 
Conclusions 1. The variable of previous 1. Firm size, leverage ratio, Compared classification 
bankrupt probability is a and liquidity ratio, are accuracy of MDA 
significant predictor significant indicators. (benchmark model), ANN 
variable one year and two 2. The variable of previous shows higher accuracy. 
years prior to bankruptcy. bankruptcy probability is 
2. The rolling-logit model not a significant variable. 
can capture incremental The author explained that . 
value in other predictor the variable is not a 
variables over time, and significant variable in the 
convey more information to estimated rolling-logit 
an analyst to objectively model, which was due to the 
assess the financial sudden impact of 
situations of a firm. unexpected external factors 
such as significant deflation 
in currency in 1997 on these 
Korean bankrupt events. 
Table 2-1 (continued) 
Author(s) Charalambous et al. Anandarajan et al. Charitou et al. 
Year 2000 200 1 2004 
ANN-BP ANN-BP ANN 
Model1 
ANN-LVQ 
Approach ANN-RBF ANN-LSEF 
ANN-GA 
MDA 
Logistic estimating model) 
Predictor 1. (Cash and 1. Return on assets 1. Total liabilitiesltotal 
variable equivalents)/tota~ assets 
2. Current liabilitiesltotal 
assets 
3. Changes in accounts 
receivables 
4. (Debt due in one year + 
long-term debt)ltotal assets 
5. Changes in cash flow 
from operationslmarket 
value of equity 
6. Working capital from 
operationslmarket value of 
equity 
7. A dummy variable 
representing the condition 
of operating income 
Sample Size 278 firms (pair-matched 
sampling design) 
2. Total debtltotal assets assets 
3. Current liabilitieslcurrent 2. Cash flow from 
assets operationsltotal liabilities 
4. Three dummy variables 3. Earnings before interest 
were dividend reduction, and taxesltotal liabilities 
debt default, and debt 
restructuring 
5 12 firms (pair-matched 102 firms (pair-matched 
sampling design) sampling design 
Sample 
Period 
Application 
of Country U.S.A. 
Conclusions Comparing the accuracies of 
the models, the authors 
concluded that the 
contemporary ANN models 
(ANN-LVQ, RBF & LESF) 
were superior to the logistic 
and the ANN-BP model. 
U.S.A. U.K. 
ANN-GA with financial 1. The cash flow ratio 
ratios outperformed other increases the prediction 
compared models, ability of the models. 
ANN-BP, and MDA. 2. The logit model 
(Jackknifing estimating 
model) and the ANN model 
are superior to other models 
when comparing type I and 
type I1 errors. 
Third, in addition to the disagreement over variable selection, the quality of 
financial ratios might be an issue when applying financial ratios in a prediction study, in 
that financial ratios may be manipulated by management. Schwartz (1982) noticed that 
in the period of financial distress managers attempt to use accounting tactics to 
manipulate earnings numbers in order to retain investor and creditor confidence and 
prolong their position. The tactics result in distorting the quality of financial 
information and deteriorating predictive ability of a prediction model (Schwartz, 1982; 
Kluger & Shields, 1989; Laitinen & Laitinen, 1998; Guy & Carmichael, 2001; Grice & 
Dugan; 2001). 
Auditing Information and Corporate Bankruptcy 
Kluger and Sheilds (1989) stated: 
The quality of information contained in financial statement can be thought of 
as a joint product of three components: the amount of available information 
about underlying economic events experienced by the organization; the 
accounting methods and procedures selected to record and summarize 
information about economic events; and auditing technique used to verify 
both the underlying events and propriety of the accounting method and 
procedure used. (p. 275) 
Kluger and Shields indicated the critical role of auditing technique in financial 
information. Schwartz (1982) pointed out that in the period of financial distress 
managers attempt to use accounting tactics to manipulate earnings numbers in order to 
retain investor and creditor confidence and prolong their position. The tactics result in 
window dressing effects, which might deteriorate the quality of financial information 
used in bankruptcy prediction. The role of the auditing process is to identify such 
activities and disclose the accuracy and integrity of a company's annual financial 
statements (Kluger & Shields, 1989; Guy & Carmichael, 2001). As a result, auditing 
indicators might convey additional valuable information not contained in financial ratios. 
Auditor Opinion 
Auditor opinion refers to a statement signed by an auditor expressing his or her 
opinion about the quality of information contained in a company's financial statements 
and reports (Downes & Goodman, 2003). In general the auditing opinion advises 
external users on whether a company's financial statements have been prepared in 
accordance with Generally Accepted Accounting Principles (GAAP), whether the 
statement are free of material misstatements, and whether they show objective viewpoints 
of the company's operating results, financial position and cash flows. If any problem is 
substantive to the accuracies of an entity's financial reporting and the uncertainties of its 
financial status, an auditor shall issue hislher auditing report with one of these opinions, 
qualified, disclaimer, adverse or going-concern qualification. 
Empirically, numerous studies supported the positive relationship between 
qualified opinions and the occurrence of bankruptcy. Altman and McGough (1 974) 
found that 13 of 28 companies which were in the run-up to bankruptcy during the period 
1970-73 received a qualified opinion before bankruptcy. Menon and Schwartz (1986) 
pointed out that 43 percent of their sample of failing companies during 1974-83 received 
an auditor's qualified opinion one year prior to bankruptcy. Flagg, Giroux, and Wiggins 
(1 99 1) also demonstrated that qualified and going-concern qualification opinions are 
positively associated with the distress event. These empirical results indicated that such 
opinions might be indicators to predict the events of corporate bankruptcy. 
Hopwood, McKeown, and Mutchler (1989) conducted a study employing a 
quantitative method to examine whether auditor qualified opinions could be an early 
signal for corporate bankruptcy. To examine the role of a qualified opinion in a 
prediction model, this study included 64 bankrupt companies in NYSE and AMEX 
markets during the period 1974-1981, and randomly selected 55 non-bankrupt companies. 
Based on the collected data, the study first examined the frequency of three qualified 
opinions between these bankrupt and non-bankrupt companies, which includes 
"consistency exception qualification", "subject to qualification", and "going-concern 
qualification". Results of the comparative analysis indicated that failed companies 
tended to receive more going concern qualifications than non-failed companies prior to 
bankruptcy., To examine the explanatory ability of qualified opinions in prediction 
1 
models, the study tested the differences between two logit prediction models in terms of 
R square-one model utilizing only financial ratios as predictor variables and the other 
one utilizing both financial ratios and qualified opinions as predictor variables. In the 
prediction model based on financial ratios and auditor's qualified opinions, the 
incremental R square testing indicated that the qualified opinions could enhance the 
explanatory power in bankruptcy prediction. Furthermore, the result of testing Beta 
coefficients indicated that both going-concern qualification and consistency qualification 
are significant indicators to predict bankruptcy at the 0.05 significance level. These 
findings led the researchers of the study to conclude that both going-concern qualified 
opinion and consistency exception qualified opinion are critical indicators which could 
increase the explanatory power of bankruptcy prediction. 
Hill, Peny and Andes (1996) used history event analysis to examine the role of 
financial ratios, qualified opinions, and macroeconomic indicators in predicting different 
status of firm failure. The study considered firm failure as a transition process spanning 
the financial distress state and bankruptcy state. The data in the study was collected 
from a sample of 13 11 financially distressed firms and 75 bankrupt firms during the 
period of 1977-1987. The data analysis results showed that financial ratios, qualified 
opinions, and macroeconomic indicators play different roles in predicting financial 
distress or corporate bankruptcy. According to the tests on beta coefficients of each 
variable in predicting the different status of firm failure, the study found that liquidity, 
leverage, size, qualified opinion and prime rate were significant variables in predicting 
financial distress, and that profitability, leverage, size, qualified opinion, the 
unemployment rate, and prime rate are significant variables in predicting corporate 
bankruptcy at the 0.05 significance level. These findings led the study to suggest that 
qualified opinions, leverage, and prime rate are significant indicators in predicting a 
firm's failure process in terms of financial distress and bankruptcy. 
Opinion Shopping 
Opinion shopping refers to the behavior of a firm changing to a new auditor that 
will express management's desired opinion of its financial reporting (Downes & 
Goodman, 2003). Chow and Rice (1982) observed that firms are likely to switch its 
incumbent auditor after receiving qualified opinions. The observation means that 
managers tend to switch to a new auditor who is willing to agree with their preferred 
accounting or disclosure treatment without qualified opinions. Schwartz and Menon 
(1985) found that firms in financial distress are more likely to engage in opinion 
shopping. The findings led them to claim that if a failing firm wants to use more 
aggressive accounting principles than the auditor allows, the anticipated disagreement 
between the failing firm and the auditor motivates the firm to seek a less conservative 
auditor to suppress its deteriorating financial positions from investors and creditors. 
These findings suggest that auditor changes, in addition to qualified opinions, may be 
another early warning indicator of corporate bankruptcy. 
Keasey and Watson (1987) conducted a quantitative study to examine the role of 
auditor opinions and auditor change in a bankruptcy prediction model. The authors 
noticed that a failing company is more likely to receive qualified opinions or to change its 
auditor than a healthy company. Therefore, the study asserted that these two qualitative 
variables, auditor opinion and opinion shopping (auditor change), are indicators of 
auditing information could be early signals for corporate bankruptcy. 
The study included 73 bankrupt U.K. companies and 73 non-bankrupt companies 
by a matched-pair sampling plan. Rased on the collected data, the study first conducted 
a comparative analysis of financial ratios and auditing indicators between the bankrupt 
companies and non-bankrupt companies. At the 0.05 significance level, the results of 
the comparative results indicated that bankrupt companies are significantly inferior in 
financial respects, and receive more qualified opinions and change auditors more 
frequently prior to bankruptcy. Furthermore, the study developed three logit models 
based on different sets of variables and compared accuracies: one model based on 
financial ratios only, one based on auditing indicators only, and another one based on 
both financial ratios and auditing indicators. The prediction model based on financial 
ratios showed the classification accuracy of 76.7% one year prior to bankruptcy. The 
prediction model based on auditing indicators showed accuracy of 75.3% one year prior 
to bankruptcy. The prediction model incorporating financial ratios and auditing 
indicators showed accuracy of 82.2% one year prior to bankruptcy. The empirical 
results indicated that auditing information can improve the predictive ability of corporate 
bankruptcy prediction models. 
Chen, Gupta, and Senteney (2004) conducted a study, which employed a 
quantitative method to examine whether the context of auditor change could be an early 
signal of corporate bankruptcy. To investigate the incremental explanatory power of 
auditor changes in bankruptcy prediction, this study used Standard & Poor's Compustat 
data to identify 472 bankrupt firms during the period 1990-1998, and used a matching 
procedure to select 424 f m s  as non-bankrupt companies. Furthermore, the study used 
two groups of qualitative variables to represent different information contents of auditing 
information. The first group's qualitative variable, a dummy variable, was the 
occurrence of auditor changes to represent the opinion shopping behavior of fmsduring 
the observation period. The second group's qualitative variables, which comprised four 
dummy variables, represented four directions of audit firm changes such as changes to 
large audit firms (Tolarge), to small audit firms (Tosmall), to similar large audit firms 
(Similarlarge), and to similar small audit firms (Similarsmall). 
To test the incremental explanatory power of different information contents in 
prediction, the study designed three logit equations: one utilizing financial ratios as 
independent variables, one utilizing financial ratios and auditor changes, and another one 
utilizing financial ratios and four directions of audit firm changes. The results of testing 
incremental R squares indicated that the variable of audit change and the variables of 
audit firm change direction had a significant increment in explanatory power at the 0.05 
significance level. Furthermore, the results of testing Beta coefficients indicated that the 
variable of audit change and the variables of audit firm change direction are significant in 
predicting bankruptcy @<0.05). These results led the researchers to conclude that 
information of auditor change is a critical variable and conveys more information beyond 
financial ratios in predicting impending corporate bankruptcy. 
Summary 
From the literature review in this section of auditor information and bankruptcy 
prediction models, two major findings can be concluded. First, researchers have 
indicated that financial ratios are predominant predictor variables in prediction models, 
but these ratios may be manipulated by management. In response to the limits of 
financial ratios, research has been conducted to examine the role of auditing information 
in corporate bankruptcy prediction. Previous empirical studies, such as Hopwood et al. 
(1989), Hill et al. (1996), Keasy and Watson (1987), and Chen et al. (2004) verified that 
auditing information is another important early signal for corporate bankruptcy and that a 
prediction model in conjunction with both financial and auditing information has an 
incremental predictive ability than the one based on only financial information. 
Second, most previous empirical studies on bankruptcy prediction models were 
based on both financial ratios and auditor information in a single period's data, as shown 
in Table 2-2. A lack of empirical studies had been conducted to investigate the 
predicting ability which incorporates previous information of financial ratios and auditor 
information by employing a rolling-logit model. 
Table 2-2 
Summary of the Studies of Corporate Bankruptcy Prediction andAuditing Information 
Reviewed in This Study 
Author(s) Hopwood et al. Hill et al. Keasey & Watson Chen et al. 
Year 1989 1996 1987 2004 
Model1 Logit Event History Analysis Logit Logit Approach 
Predictor Financial ratios: Financial ratios: A. 28 Financial ratios Financial ratios: 
variable 1. Net incomeltotal 
assets 
2. Current assetsltotal 
assets 
3. Cashlcurrent 
liabilities 
4. Current assetslsales 
5. Debtltotal assets 
Auditing opinions: 
(three dummy 
variables) 
1. Subject-to 
qualification 
2. Consistency 
exception 
qualification 
3. Going-concern 
qualification 
1. Cashltotal assets 
2. Income before 
interest & taxesltotal 
assets 
3. Total liabilitiesltotal 
assets 
4. Firm size: ln(tota1 
sales) 
Auditing information 
1. A dummy variable 
to represent qualified 
opinion 
Economic Indicators 
1. Unemployment rate 
2. Prime interest rate 
B. Auditing 
information 
(continuous 
variables and 3 
dummy variables) 
1. The number of 
going-concern 
opinions prior to 
bankruptcy 
2. Current year 
qualification opinion 
3. Prior year 
qualification opinion 
4. Auditor changes 
prior to bankruptcy 
1. Cashltotal assets 
2. Current 
assetslcurrent 
liabilities 
3. Current 
assetslsales 
4. Current 
assetsltotal assets 
5. Debtltotal assets 
6. Net incomeltotal 
assets 
Auditor information 
(5 dummy variables) 
1. Auditor Changes 
2. Specifications of 
auditor changes 
To Large auditor 
To Small auditor 
To Similar Large 
auditor 
To Similar Small 
auditor 
Sample Size 64 bankrupt firms & 55 131 1 financially 73 bankrupt & 73 472 bankrupt 
non-bankrupt firms distressed firms & 75 non-bankrupt companies & 424 
bankrupt firms companies nonbankrupt companies 
Sample 
Period 1974-1981 1977-1987 1970-1983 1990-1998 
Application 
of Country U.S.A. U.S.A. U.K. U.S.A. 
Conclusions I .  Failed companies 1. Financial ratios, 1. Bankrupt 1. Variables of audit 
tended to receive more qualified opinions, and companies and change and the 
going concern macroeconomic non-bankrupt variables of audit firm 
qualifications than indicators play different companies exhibited change direction were 
non-failed companies roles in predicting significant differences significant indicators to 
prior to bankruptcy. financial distress or in financial predict bankruptcy. 
2. Qualified opinions corporate bankruptcy. characteristics and 2. Variable of audit 
could enhance the 2. Qualified opinions, auditing information change and the 
explanatory power in leverage, and prime rate respects. variables of audit firm 
bankruptcy prediction. are significant indicators 2. Auditing change direction had 
3. Going-concern in predicting a firm's information can significant increment in 
qualified opinion and failure process in terms improve the explanatory power. 
consistency exception of financial distress and predictive ability of 
qualified opinion are bankruptcy. corporate bankruptcy 
critical indicators and prediction models. 
could increase the 
explanatory power of 
bankruptcy prediction. 
Conclusions of Literature Review 
The literature review consists of two major areas of research. The first section 
introduced the financial ratios and bankruptcy prediction model. The second section 
discussed the usefulness of auditing information in terms of auditor opinion and auditor 
change in bankruptcy prediction. 
The selected empirical studies reviewed in the first section of the literature review 
were summarized in Table 2-1. Grounded in the pioneering work of Beaver (1996), 
financial ratio analysis has become the predominant approach in corporate bankruptcy 
studies. The four groups of financial ratios are used extensively in corporate bankruptcy 
prediction models, which include profitability ratios, leverage ratios, liquidity ratios, and 
performance ratios. These four groups of financial ratios simultaneously examines the 
financial characteristics of a distressed firm, and reflect the effects of internal and 
external factors on the probability of corporate bankruptcy (Tamari, 1978; Altman, 1968 
& 1993; White et al., 1993; Morris, 1997; Falkenstein et al., 2000). Table 2-1 showed 
the usefulness of financial ratios in discriminating between bankrupt and non-bankrupt 
companies. 
Bankruptcy prediction models are based on various methodologies (approaches) 
that build a relationship between predictor variables and the occurrence of bankruptcy 
(Zmijewski, 1984; Hill et al., 1996). Empirical studies on corporate bankruptcy began 
with univariate analysis. Beaver (1966) adopted the dichotomous classification test to 
develop a univariate prediction model and found six financial ratios that could be used 
individually in the classification of bankrupt and non-bankrupt firms. Altman (1968) 
criticized the univariate analysis as possibly providing confusing and conflicting 
discriminating criteria. He therefore applied multiple discriminant analysis (MDA) to 
develop a Z-score model that could consider a number of financial ratios simultaneously 
and provide the most discriminating overall index in discriminating failed and non-failed 
companies. 
Deakin (1976) pointed out that most financial ratios are not normally distributed 
and that this fact limits the validity of MDA models. More recent prediction models, 
such as the works of Ohlson (1980), Zavgren (1985), Gilbert (1990), Morris (1997), Um 
(2001) and others, have been developed using a logit method, in response to the limits of 
the MDA method. These empirical studies demonstrated that the logit approach has 
numerous advantages over MDA. First, the logit method does not require the normality 
of independent (predictor) variables, making the model more appropriate in corporate 
bankruptcy predictions. Second, the dependent (predicted) variable, which represents 
the occurrence of bankruptcy, falls within the (0,l) distribution. The probabilistic 
characteristic can provide more intuitional relationship between predictor variables and 
the probability of corporate bankruptcy. 
Besides the logit method, ANN is the other popular method used in bankruptcy 
prediction studies. This computing method uses technological advancements and does 
not need certain requirements of predictor variables. These advantages make the ANN 
prediction models perform impressively in discriminating between failed and non-failed 
companies, as demonstrated in reviewed studies of Odom and Sharda (1990), 
Charalambous et al. (2000), Anandarajan et al. (2001), and Charitou et al. (2004). 
Nevertheless, Makee (2000) and Koh (2004) criticized the approach as working like a 
"black box", preventing the ANN model from examining the significance of each 
variable in the final classifications, and interpreting the impacts of each variable on the 
probability of bankruptcy. 
Financial ratios are the predominant predictor variables in prediction models, but 
the ratios may be manipulated by management. Schwartz (1982) pointed out that in the 
period of financial distress managers attempt to use accounting tactics to manipulate 
earnings numbers in order to retain investor and creditor confidence and prolong their 
position. The tactics result in window dressing effects, which might deteriorate the 
quality of financial information used in bankruptcy prediction. The manipulations 
diminish the quality of financial information in prediction models and affect predictive 
ability (Schwartz, 1982; Kluger & Shields, 1989; Laitinen & Laitinen, 1998, Grice & 
Dugan; 2001). 
In response to the limits of financial ratios in corporate bankruptcy prediction, a 
recent prediction model uses financial ratios in conjunction with auditing indicators, 
auditor opinion and opinion shopping changes, to improve the reliability and accuracy of 
prediction. Auditing indicators might convey more valuable information not contained 
in financial ratios and enhance the predictive ability of bankruptcy. There have been 
some empirical studies concerning the effect of auditing indicators on the predictive 
ability of prediction models. These empirical studies reviewed in the second section of 
the literature review are summarized in Table 2-2. The empirical studies of Hopwood et 
al. (1989), Hill et al. (1996), Keasy and Watson (1987), and Chen et al. (2004) showed 
that auditing indicators are an important early signal for corporate bankruptcy. A 
prediction model based on financial ratios and auditing indicators has higher predictive 
ability than the one based on only financial ratios. 
It can be concluded from these two major sections of literature review, that two 
major research gaps are found. First, most previous studies about bankruptcy prediction 
models were based on a single period's data, and only Morris (1997) and Um (2001) have 
investigated the predictive ability of a rolling-logit model, which incorporates previous 
information based on financial ratios. Furthermore, there is an inconsistent conclusion 
about the validity of the rolling-logit prediction models. Morris (1 997) was the first 
researcher to develop a rolling-logit prediction model, and verified its usefulness in 
predicting corporate bankruptcy. Um (2001) adopted the same method to predict 
Korean corporate bankruptcy during the Asian financial crisis, but found that the recall 
mechanism, capturing previous information in the rolling-logit model, was not significant 
in predicting bankruptcy events. The inconsistency suggests the need for more research 
efforts to verify the predictive abilities of the rolling-logit prediction model. 
Second, as discussed in the review of the literature, auditing indicators and the 
rolling-logit model are valuable measures to mitigate the negative impacts of 
management manipulations on a prediction model. Kluger and Sheilds (1989) and Guy 
and Carmichael(2001) stated that auditing indicators disclose accuracy and integrity of a 
company's financial statements and convey additional valuable information beyond 
financial ratios for corporate bankruptcy prediction. Eempirical studies (Hopwood et al., 
1989; Hill et al., 1996; Keasy & Watson, 1987; Chen et al., 2004) have demonstrated that 
auditing indicators are an efficient early signal and have incremental abilities in 
predicting corporate bankruptcy. Moreover, the distinct recall mechanism of the 
rolling-logit model provides a reliable measure to assess a company's default risks. 
The mechanism allows a prediction model to assess a corporation's risks based on 
present and previous information, and not solely dependent on single period information 
(Morris, 1997). As a result, the mechanism better permits a prediction model to 
measure a corporation's bankruptcy risks over time, and also lessens the adverse impact 
of manipulations of financial information by managers in any period. However, there is 
a lack of empirical studies examining whether a rolling-logit model in conjunction with 
financial and auditing information could enhance the ability to predict impending 
bankruptcy. 
Theoretical Framework 
Based on the discussion and review of theoretical and empirical literature, a 
rolling-logit prediction model was proposed for this study. The concept of the 
rolling-logit prediction model stems primarily from the study conducted by Morris (1997). 
In the rolling-logit model, the predictor (dependent) variable score for the model 
estimated for year t-1 is included as a predictor (independent) variable for a model 
estimated at year t (Morris 1997). The recall mechanism enables a prediction model to 
capture the information of other predictor (independent) variables in previous periods. 
The information estimated from the previous period and the present information are 
rolling forward as predictor variables into next period's prediction model, and then 
producing incremental information over time. The method has a distinguishing 
advantage from the conventional logit analysis. It can assess the bankrupt probability of 
each firm on not only the present but also previous information. 
Under the rolling-logit concept, financial ratios, auditing indicators and the 
variable of previous bankruptcy probability were predictor variables in this study (see 
Figure 2-1). As stated in the studies of Gibson (1982), White et al. (1994), Hossari and 
Rahman (2005), financial ratios provided this study a measure for disclosing important 
financial information and assessing the financial condition of a firm. There were four 
groups of financial ratios used in this study. These four groups of ratios, profitability, 
liquidity, leverage, and performance, were indicators to reflect the impact of internal and 
external factors on the probability of corporate bankruptcy. To reduce the negative 
impact of managers' manipulations in financial ratios on bankruptcy prediction, auditing 
indicators, in terms of auditing opinions and opinion shopping, were examined to 
measure the accuracy and integrity of a company's financial information at each period. 
The distinct merit of rolling-logit analysis is to assess the bankrupt probability based on 
present and previous information (Morris, 1997). The variable of previous bankrupt 
probability provided a measure to capture the information of predictor (independent) 
variables over a period of time prior to failure. 
Based on the above arguments, this study used financial ratios, auditing indicators, 
and previous bankruptcy probability as predictor variables to predict the probability of 
cotporate bankruptcy. With theses variables, the study charted a prediction relationship 
among predictor variables and corporate bankruptcy, shown in Figure 2-1. The chart 
indicated that the information given by the model estimated with each period's data and 
the information derived from the previous period are rolling forward as a score for each 
firm into next period's prediction model. 
Figure 2-1. Schematic predicting relationships between predictor variables and 
corporate bankruptcy in this study. 
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Research Questions and Hypotheses 
The purposes of this study were to (a) describe the profile characteristics of the 
sample TSE corporations, (b) investigate and compare financial and auditing 
characteristics between bankrupt TSE corporations and non-bankrupt TSE corporations, 
and (c) validate the usellness of the rolling-logit model in predicting TSE corporation 
bankruptcies. Derived from these objectives, research questions and hypothesis were 
proposed in this study. These research questions and hypotheses (represented as 
alternative form) were described as follows: 
Q1: What are the profile characteristics of bankrupt and non-bankrupt TSE 
corporations sampled in this study? 
42: Compared to non-bankrupt TSE corporations, do bankrupt TSE corporations 
show significant inferiorities in financial ratios and auditing indicators prior to 
bankruptcy? 
H2a: Bankrupt TSE corporations have significantly lower profitability than 
non-bankrupt TSE corporations prior to bankruptcy. 
H2b: Bankrupt TSE corporations have significantly lower liquidity than 
non-bankrupt TSE corporations prior to bankruptcy. 
Hz,: Bankrupt TSE corporations have significantly higher financial leverage 
than non-bankrupt TSE corporations prior to bankruptcy. 
H2d: Bankrupt TSE corporations have significantly lower performance than 
non-bankrupt TSE corporations prior to bankruptcy. 
H2e: Bankrupt TSE corporations have significantly higher incidence of 
receiving qualified, disclaimer, and adverse opinions and engaging in 
opinion shopping than non-bankrupt TSE corporations prior to bankruptcy. 
Q3: Does a rolling-logit prediction model exhibit higher predictive 
performances in discriminating between bankrupt TSE corporations and 
non-bankrupt TSE corporations? 
Chapter I1 presented a literature review, theoretical framework, research questions 
and hypotheses identified in this study regarding this important topic. The review was 
divided into two parts. The first part concentrated on reviewing the key concepts of 
corporate bankruptcy, and the studies using financial ratios to construct prediction models 
with application of various methods. The second part reviewed the relationship between 
corporate bankruptcy and auditing information, and discussed the usefulness of auditing 
information in the prediction model. Finally, this study developed a theoretical 
framework and furthermore stated research questions and hypotheses emphasizing the 
gaps found from the current literature. 
CHAPTER 111 
RESEARCH METHODS 
This study intended to explore the usefulness of a rolling-logit model based on 
financial ratios and auditing indicators in the bankruptcy prediction for the TSE listed 
companies. The discussions from the literature review indicated the success of financial 
ratios and auditing indicators in discriminating between bankrupt and non-bankrupt 
companies. However, most previous studies concentrated on developing prediction 
models based on single period information, but ignoring the role of previous information 
in corporate bankruptcy prediction. It would be value-added when a prediction model is 
based on not only on the present but also previous information. This chapter described 
the research methods including a discussion of research design, sampling plan and 
procedure, the operational definition of variables and data analyses, and the evaluation of 
research methods. 
Research Design 
A quantitative, non-experimental, predictive and secondary research design was 
conducted to examine whether a rolling-logit prediction model based on both financial 
ratios and auditing indicators can exhibit an effective ability to predict impending 
bankruptcy. Due to its advantages, rolling-logit analysis was selected to develop the 
bankruptcy prediction model for the TSE listed companies. The first advantage of 
rolling-logit analyis, the same as logit analysis, is that it can provide more robust and 
reliable results since it does not require the normality assumption for variables (Ohlson, 
1980; Zavgren, 1985; Gilbert et al., 1990; Morris, 1997). This advantage makes 
rolling-logit analysis appropriate for this study as most financial ratios do not follow 
normal distribution. The second advantage is that the predicted variable (the occurrence 
of corporate bankruptcy) falls within (0,l) distribution. The probability characteristic 
thus can provide a more intuitive relationship between predictor variables and the 
probability of corporate bankruptcy. The third advantage is that the recall mechanism of 
the analysis can capture the information of predictor variables in the previous period. 
Through the recall mechanism, the rolling-logit model can assess the probability of 
corporate bankruptcy based on not only present but also previous information (Morris, 
1997). 
In this study, the predicted (dependent) variable of this study was a binary 
variable to indicate the financial position of listed companies in the TSE market. In the 
literature, this variable has been operationally defined in many ways, depending on the 
specific perspectives or interests. These different operational definitions underlined a 
fact - bankruptcy prediction studies not only focus on the legal declarations of 
bankruptcy, but also emphasize the prior-bankruptcy process that corporations confront 
(Altman, 1983). To address Altman's claims, this study defined a bankrupt corporation 
as a TSE listed company in the bankruptcy stage or a prior bankruptcy stage. 
Financial ratios, auditing indicators, and previous estimated bankruptcy 
probability, were predictor variables in this study. Financial ratios provided a measure 
for disclosing important financial information and assessing the financial condition of a 
firm There were four groups of financial ratios used in this study. These four groups 
of ratios, profitability, liquidity, leverage, and performance, were used to reflect the 
impact of internal and external factors on the probability of corporate bankruptcy. 
Furthermore, this study included two auditing indicators to measure the accuracy and 
integrity of a company's financial information in each period. Finally this study 
included previous bankruptcy probability as one of the predictor variables. This 
variable helped this study to capture the financial and auditing information of the TSE 
companies in the previous periods. Based on these variables, the study constructed a 
relationship between predictor and predicted variable; furthermore, it was expected to 
validate that a rolling-logit prediction model could be an effective early signal to 
impending bankruptcy in the TSE market. 
Population and Sampling Plan 
Target Population 
According to the statistics published by TSEC in 2007, there was an average of 
500 listed companies in the TSE market during the period of 1999-2005. The target 
population that this study focuses on was corporations which listed their stocks in the 
TSE market during the observation period. 
Sampling Plan 
Matching Design 
This study used a non-probability, purposive matched sampling plan to collect 
data. The sampling approach identified a group of bankrupt corporations and then 
selected a corresponding number of non-bankrupt c,orporations. The matched sampling 
approach is generally applied in corporate bankruptcy prediction studies, such as Beaver 
(1966), Altman (1968), Edmister (1972), Trieschmann and Pinches (1973), Zavgren 
(1985), Morris (1997), Charalambous et al. (2000), Anandarajan et al. (2001), Um (2001), 
Charitou et al. (2004), etc. A matched-pair procedure was used in most studies, but 
there is still a lack of general guidelines on the number of non-bankrupt corporations to 
include in the matched technique. Regarding this issue, Pinches (1980) and Zavgren 
(1 983) concluded that the matched-paired technique is appropriate, for the reason that 
uneven sample sizes will affect the results of classification. Based on the arguments 
from Pinches (1980) and Zavgren (1 983), this study used the matched-pair method to 
obtain samples of bankrupt and non-bankrupt listed companies in the TSE market from 
1999 to 2005 and then collected the corresponding data of predictor variables. 
Under the matched-pair sampling procedure, this study first identified a group of 
bankrupt corporations on the TSE market. A bankrupt corporation in this study was 
defined by the following two criteria: 
1. A listed company was declared to be de-listed or under special arrangements 
(trading in full amount or suspension of trading) by the authority (TSEC) 
during the observation period based on the Article 49, Article 50, and Article 
50-1 of Operation Rules of TSEC, amended on April, 29,2005. 
2. The reasons for declarations were that the company was in (a) an incubation 
stage and needed financial support, (b) a cash shortage stage to meet its current 
obligations, or (c) an insolvency stage to declare the reorganization process. 
After identifying the group of bankrupt TSE corporations, the second step was to 
select a group of non-bankrupt corporations. A non-bankrupt company in this study was 
defined as a company that did not have conditions of financial distress described in the 
above regulations and was still a listed company in the TSE mirket during the 
observation period. Most previous studies followed a certain matched-paired procedure 
to control the effects of industry and to reduce sampling bias. Beaver (1968) and Meyer 
and Pifer (1970) stated that given the same ratio value, which may reveal a different 
corporate bankruptcy probability among industries. Considering the factor of industry, 
this study matched bankrupt and non-bankrupt firms according to the TSE Security 
Identification Number (SIN) code with the same first two-digit number. The criterion 
was made to insure each pair of non-bankrupt and bankrupt corporations operated in the 
same or similar industry. 
Data Collection 
After matching bankrupt and non-bankrupt firms, this study collected two types of 
data for the financial variables and auditing indicators. These data were retrieved from 
the Taiwan Economic Journal (TEJ) database. Any missing data from this database was 
manually collected from the online library of the Taiwan Securities and Future Institute 
(TSFI). The other issue was the longitude of financial and auditing data of each paired 
firms. The rolling-logit analysis required one more period's data to estimate the 
variable of previous bankruptcy probability (PBP), a recall mechanism in the analysis. 
Correspondingly, a total of four year data prior to bankruptcy was required for each 
matched TSE corporations in order to validate the predictive performances of the 
proposed rolling-logit model for up three years prior to bankruptcy. 
Exclusion Criteria 
1 .  The study excluded banking and insurance corporations listed in the TSE 
market, because there is a different method to calculate financial ratios of 
banking and insurance companies in the Taiwan Economic Journal database. 
2. This study excluded companies listed in other stock markets in Taiwan such as 
the Taiwan Over-the-counter (OTC) stock market. 
3. This study excluded bankrupt. TSE corporations, because the required financial 
and auditing data of the companies were missing and incomplete in the 
database of TEJ and TSFI. 
4. This study excluded bankrupt TSE corporations when a bankrupt company 
could not be appropriately match-paired with a non-bankrupt one ih the same 
industry. 
5. This study excluded de-listed or special arrangement companies during the 
observation period, because the reasons for declarations were unrelated to the 
definitions of corporate bankruptcy in this study, such as those that voluntarily 
de-listed, those that experienced labor disputes, those that violated 
environmental pollution policy, or those that had abnormal transactions in the 
TSE market. 
The Operational Definition of Variables 
Predicted Variable 
The predicted variable in this study was a binary variable that represents the status 
of a company during the observation period. According to the definition of bankruptcy 
in this study, a listed company was indicated as 1 when the company was declared to be 
de-listed or under special arrangements by the authority in the TSE markets based on the 
specific reasons. A non-bankrupt listed company was represented by 0. The equation 
was: 
Y =  1 if a TSE company was categorized as a bankrupt corporation during 
observation period 
0 otherwise 
Predictor Variables 
Financial Ratios 
Financial ratios are a valuable measure for disclosing important financial 
information and assessing the financial condition of a company (Tamari, 1978; Gibson, 
1982; White et al., 1993; Malonis, 2000, Hossari & Rahman, 2005). Since Beaver's 
(1966) seminal work, financial ratio analysis has become the predominant approach in 
investigating the characteristics of corporate bankruptcy (Altman, 1983 & 1993). There 
are four groups of financial ratios used extensively in corporate bankruptcy prediction 
models. The four groups of ratios are profitability, leverage, liquidity, and performance 
ratios, which are used to reflect the impact of external and internal factors on the 
probability of corporate bankruptcy (Tamari, 1978; Altman, 1968 & 1993; White et al., 
1993; Morris, 1997; Falkenstein et al., 2000). As suggested from the literature review, 
this study used these four groups of financial ratios mainly to measure the impact of 
internal and external factors on the bankrupt probability of each sampled company. 
Proftability ratios. Profitability ratios show the earning capabilities of a 
company on the integral effects of liquidity, leverage and asset management (Tamari, 
1978; Altman, 1968 & 1993; White et al., 1993; Morris 1997, Falkenstein et al., 2000). 
The ratios indicate the effect of managerial decisions on a company's productivity and 
the competitiveness of the company in the market. A company with low profitability 
ratios might experience declining earnings from operations, which will result in low net 
worth and a high risk of bankruptcy, as there is a negative relationship between 
profitability ratios and the risk of bankruptcy (Tamari, 1978; Altman, 1968 & 1993; 
White et al., 1993; Morris, 1997; Falkenstein et al., 2000). In this study, the profitability 
ratios consisted of the two variables, return on assets and return on equity. 
Return on assets (ROA) measured the return on total assets of a TSE 
corporation, and the equation was: 
Net Income, ROAt= x 100% 
Total Assets, 
Return on equity (ROE) measured the return on total equity of a TSE 
corporation, and the equation was: 
Net Income, 
ROEt = x 100% 
Total Equity, 
Liquidity ratios. Liquidity ratios refer to a company's short-term solvency based 
on the relationships between its current obligations and assets (Altman, 1968 & 1993; 
White et al., 1993; Morris, 1997; Falkenstein et al., 2000). The ratios mainly measure a 
company's capabilities to meet its matured obligations without having to liquidate its 
long-term assets, or cease operations. A firm with a low liquidity position has fewer 
current assets to meet its current obligations and exhibits a higher probability of 
bankruptcy, as there is a negative relationship between liquidity ratios and the risk of 
bankruptcy (Tamari, 1978; Altman, 1968 & 1993; White et al., 1993; Morris, 1997; 
Falkenstein et al., 2000). The liquidity ratios in this study were consisted of four 
variables, current ratio, quick ratio, the ratio of cash to current liabilities, and the ratio of 
working capital to total assets. 
Current ratio (CR) measured the essential solvency of a TSE corporation and 
the equation was: 
Current Assets, CRt = x 100% 
Current Liabilities, 
Quick ratio (QR) or acid-test ratio, a more conservative ratio than the CR, 
measured the solvency of a TSE corporation, and the equation was: 
Current Assets, - Inventories, QRt = x 100% 
Total Assets, 
Cash to current liabilities (CCL) measured the sufficiency of cash of a TSE 
corporation to pay off its current liabilities, and the equation was: 
Cash, CCL, = x 100% 
Current Liabilities, 
Working capital to total assets (WCTA) measured the sufficiency of working 
capital of a TSE corporation to deal withshort-term obligations as well as 
the needs of operations, and the equation was: 
Current Assets, - Current Liabilities, WCTA = x 100% 
Total Assets, 
Leverage ratios. Leverage ratios measure the proportion of borrowed funds 
from creditors, relative to the firms' equity, to support its activities (Tarnari, 1978; 
Altrnan, 1968 & 1993; White et al., 1993; Morris, 1997; Falkenstein et al., 2000). The 
ratios indicate not only a company's reliance on debt but also its obligations to creditors. 
A company with higher leverage ratios has to spend more of its cash or liquidity assets on 
interest payments on its borrowed funds. With a higher leverage position, a company 
will have less free capital (cushion) to protect the company against any substantial 
decrease in liquidity or sudden changes in the market, and has higher risk of bankruptcy. 
Higher leverage ratios mean that the company has less capacity to withstand unexpected 
changes in the market and therefore exhibits a higher risk of bankruptcy (Tamari, 1978; 
White et al., 1993; Altman, 1993; Morris, 1997; Falkenstein et al., 2000). The leverage 
ratios in this study comprised two variables, debt ratio and fixed asset ratio. 
Debt ratio (DR) measured the extent of total funds of a TSE corporation 
provided by creditors, and the equation was: 
Total Liabilities, DRt = x 100% 
Total Assets, 
Fixed asset ratio (FAR) measured the extent of total funds of a TSE corporation 
supplied by stockholders relative to fixed assets, and the equation was: 
Total Fixed Assets, FARt = x 100% 
Total Equity, 
Performance ratios. Performance ratios refer to the efficiency of a company's 
asset management. The ratios examine the efficiency of a company in using it assets to 
generate income and the capacity of management in dealing with competitive conditions. 
A company which over-invests in assets or experiences a sales decline, will have low 
performance ratios. Lower performance ratios indicate that the company is inefficient 
in managing its assets to generate income and exhibits high risk of bankruptcy. There is 
a negative relationship between performance ratios and the risk of bankruptcy (Tamari, 
1978; White et al., 1993; Altman, 1993; Morris, 1997; Falkenstein et al., 2000). The 
performance ratios in this study were comprised of three variables, total asset turnover 
rate, inventory turnover rate, and accounts receivables turnover rate. 
Total asset turnover rate (TATR) measured the effectiveness of a TSE 
corporation's management of its total assets, and the equation was: 
Sales, TATRt = 
Total Assets, 
Inventory turnover rate (ITR) measured the effectiveness of a TSE 
corporation's management of its inventories, and the equation was: 
Sales, 
ITRt = 
Inventori~,  
Accounts receivable turnover rate (ARTR) measured the effectiveness of a TSE 
corporation's management of its account receivables, and the equation was: 
Sales, ARTRt = 
Accounts Receivable, 
Auditing Indicators 
Auditing indicators are a way to disclose the accuracy and integrity of a 
company's annual financial statements (Guy & Carmichael, 2001). Schwartz (1982) 
noticed that in the period of financial distress, managers attempt to use accounting tactics 
to manipulate earnings numbers in order to retain investor and creditor confidence and 
prolong their position. The tactics result in a lessening of the quality of financial 
information used in bankruptcy prediction (Kluger & Shields, 1989; Guy & Carmichael, 
2001). The role of the auditing process is to identify such activities and disclose the 
accuracy and integrity of a company's financial statements. As suggested in the 
literature review, this study included the two auditing indicators to measure the quality of 
a TSE company's financial reports and reduce the negative effects of manger's 
manipulating tactics on bankruptcy prediction. 
Auditor opinion. Auditor opinion refers to a statement signed by an auditor 
expressing his or her opinion about the quality of information contained in a company's 
financial statements and reports (Downes & Goodman, 2003). In general, auditor 
opinion advises external users on whether a company's financial statements have been 
prepared in accordance with Generally Accepted Accounting Principles (GAAP), 
whether the statements are free of material misstatement, and whether they show 
objective viewpoints on the company's operating results, financial position and cash 
flows. If any problem is substantive to the accuracies of an entity's financial reports or 
to the uncertainty about its financial position, an auditor shall issue a qualified, disclaimer, 
adverse or going concern qualification opinion on the auditing reports. The variable of 
auditor opinion was used in previous studies to capture the accuracy and integrity of a 
company's annual financial statements. The empirical results of studies of Altman and 
McGough (1974), Menon and Schwartz (1986), and Flagg et al. (1991) indicated that 
failing firms have higher incidences of receiving qualified, adverse, disclaimer, or going 
concern qualification opinions. This indicated that there is a positive relationship 
between the probability of bankruptcy and the incidence of these un-clean opinions. In 
this study, the variable of auditor opinion (AO) was a proxy variable to indicate the 
quality of a TSE corporation's financial reports, and the equation was: 
AOt = 1 if a TSE company received 
(a) adverse opinion 
(b) disclaimer opinion 
(c) going-concern qualification 
(d) qualified opinion due to one of the following situations 
i. the auditor required the company to restate its financial 
statements 
ii. the company's financial statements depart from GAAP 
iii. the scope of the auditor's examination was limited, and the 
amount of the limitations over NT$ 100 million dollar, or amount 
to the company's capital over 10%. 
= 0 otherwise. 
Auditor change. The indicator of auditor change is a measure to disclose the 
behavior of opinion shopping which refers to a firm changing to a new auditor that will 
express the desired opinion for its financial reporting (Downes & Goodman, 2003). 
Chow and Rice (1982) and Schwartz and Menon (1985) found that failing firms often 
want to use more aggressive accounting principles than their incumbent auditor allows. 
The anticipated disagreement between the failing firm and the auditor motivates the firm 
to engage in opinion shopping in order to seek a less conservative auditor to suppress its 
deteriorating financial position from investors and creditors. Furthermore, Keasey and 
Watson (1987) and Chen et al. (2,004) validated that the variable of opinion shopping, 
auditor change, improves the predictive ability of corporate bankruptcy prediction models. 
Therefore, this study included the variable of auditor change (AC) as a proxy variable to 
indicate the opinion shopping behavior of a TSE corporation, and the equation was: 
Act= 1 if a TSE company changed its auditor in the previous year 
=O otherwise 
Previous Bankruptcy Probability 
Previous bankruptcy probability refers to an indicator capturing incremental 
information over a period of time prior to failure (Morris, 1997). Morris (1997) noticed 
that a prediction model based upon a single year's data could convey limited and discrete 
information to assess the probability of corporate bankruptcy. He, therefore, developed 
a rolling-logit model that aimed to capture information over a number of years. In a 
rolling-logit model, the variable of previous bankruptcy probability, as a score estimated 
at year t-I, is included as a predictor variable for a model estimated at year t. The recall 
mechanism enables a prediction model to capture the information of other predictor 
(independent) variables in previous periods. The information estimated from the 
previous period and the present information rolls forward as predictor variables into next 
period's prediction model, and then produces incremental information over time. To 
assess the financial situation of the TSE companies based upon present and previous 
information, this study included the variable of previous bankruptcy probability (PBP) to 
represent the financial and auditing information of a TSE corporation in the previous 
periods, and the equation was: 
Whereby Pt., was the probability of corporate bankruptcy estimated at t-1 
Table 3-1 
Summary of the Operational Dejnition of the Variables in This Study 
Variable Equation Explanation 
Predicted variable 
Y =  1 if a bankrupt company A TSE corporation that was 
(the status of a TSE 0 if a non-bankrupt company declared as a de-listed 
company) company or treated as special 
arrangement was defined as a 
bankrupt corporation. 
Otherwise a TSE corporation 
was defined as a 
non-bankrupt company. 
Predictor Variables 
Profitability Ratios: 
ROAt = Net Income, 
x 100% 
Total Assets, 
Return on assets (ROA) 
measured the return on total 
assets of a TSE corporation. 
ROE, = Net Income, Return on equity (ROE) 
x 100% 
Total Equity, measured the return on total 
equities of a TSE corporation. 
Liquidity Ratios 
C& = Current Assets, Current ratio (CR) measured 
x 100% 
Current Liabilities, the essential solvency of a 
TSE corporation. 
QRt = Current Assets, - Inventories, Quick ratio (QR), a more 
X conservative ratio than CR, Total Assets, 
measured the solvency of a 
100% TSE corporation. 
Cash, Cash to current liabilities 
x 100% 
Current Liabilities, (CCL) measured the 
sufficiency of the cash of a 
CCL, = 
TSE corporation to pay off its 
current liabilities. 
Current Assets. - Current Liabilities, Working capital to total assets 
Total Assets, (WCTA) measured the 
sufficiency of working capital 
x 100% 
of a TSE corporation to deal 
with short-term debts. 
Table 3- 1 (continued) 
Variable Equation Explanation 
Leverage Ratios 
DR, = 
FAR, = 
Total Liabilities, Debt ratio (DR) measured the 
x 100% 
Total Assets, extent of total funds of a TSE 
corporation provided by 
creditors. 
Total Fixed Assets, Fixed asset ratio (FAR) 
x 100% 
Total Equity, measured the extent of total 
funds of a TSE corporation 
supplied by stockhblders 
relative to fixed assets. 
Performance Ratios 
TATR, = Sales, Total asset turnover rate 
Total Assets,. (TATR) measured the 
effectiveness of a TSE 
corporation's management of 
its total assets. 
ITR, = Sales, 
Inventories, 
ARTR, = Sales, 
Accounts Receivable, 
Inventory turnover rate (ITR) 
measured the effectiveness of 
a TSE corporation's 
management of its 
inventories. 
Accounts receivable turnover 
rate (ARTR) measured the 
effectiveness of a TSE 
corporation's management of 
its accounts receivables. 
Table 3- 1 (continued) 
Variable Equation Explanation 
Auditing Indicators 
- 1 if a TSE company received Auditor opinion (AO) 
(a) adverse opinion indicated the quality of a TSE 
(b) disclaimer opinion corporation's financial 
(c) going-concern qualification reports. 
(d) qualified opinion due to one 
of the following situations 
i. the auditor required the 
company to restate its 
financial statements 
ii. the company's financial 
statements depart from 
GAAP 
iii. the scope of the auditor's 
examination was limited, 
and the amount of the 
limitations over NT$ 100 
million dollar, or amount to 
the company's capital over 
10%. 
0 otherwise. 
1 if a TSE company changed its Auditor change (AC) 
auditor in the previous year indicated the behavior of a 
TSE corporation's opinion 
0 otherwise shopping. 
Previous Bankruptcy Probability 
PBPt= 
P i - 1  1 
Previous bankruptcy 
In( 1-PI-I probability (PBP) represented 
both financial and auditing 
P,-l: the probability of corporate information of a TSE 
bankruptcy estimated at t-1 corporation over previous 
periods. 
Procedures: Ethical Considerations and Data Collection Methods 
1. This study used a matched and secondary analysis of existing data to answer the 
research questions and to test the hypotheses. The data was comprised of financial 
ratio data of bankrupt and non-bankrupt listed companies in the TSE market, as well 
as indicators of auditing information. 
2. This study collected financial ratio data and auditing indicators from Taiwan 
Economic Journal (TEJ) Company Database. The data were not publicly available, 
and therefore this study needed to obtain permission by letter or directly purchase 
data from the organization in order to have the authority to collect the annual data of 
financial and auditing information of each sample company. 
3. Obtaining a permission letter or purchase contract via electronic mail, the researcher 
submitted an application to the IRB in order to ensure that data collection 
procedures adhered to ethical guidelines. 
4. After receiving IRB approval for data collection, the researcher began to collect the 
necessary data. Furthermore, the researcher submitted the Lynn University IRB 
Report of Termination Project at the completion of data collection. 
Methods of Data Analysis 
The collected data were analyzed by using the programs of SAS system for 
version 8.0, and SPSS Version 13.0. Various statistical procedures, descriptive statistics, 
the Kolmogorov-Smirnov (K-S) test, the Mann-Whitney (M-W) test or independent-t test, 
principal component analyses, and rolling regression analyses, were used to answer the 
research questions and to test the hypotheses. 
The aim of research question 1 was to explore the profile characteristics of 
bankrupt and non-bankrupt corporations sampled in this study. Descriptive statistics, 
including measures of central tendency, variation, and frequency distributions, were used 
to answer this question. These measures provided an overview of the corporations 
sampled in this study. 
Research question 2. was to validate that bankrupt TSE corporations exhibit 
significant inferiorities than non-bankrupt TSE corporations in financial and auditing 
respects. As described in Chapter 11, five hypotheses were derived from this research 
question. The first four hypotheses (H2a-H2d) were aimed at validating the idea that 
bankrupt corporations at the stage prior to bankruptcy exhibit significant inferiorities in 
the terms of profitability, liquidity, leverage, and performance ratios. Deakin (1972) 
and Ohlson (1980) noticed that financial ratios sampled in empirical studies are usually 
skewed and non-normally distributed. Considering the probable characteristics of 
financial ratios, this study performed two statistical tests in order to have an appropriate 
statistical procedure to test these four sub-hypotheses: 
(1) Kolmogorov-Smimov (K-S) test: The K-S test is a statistical method to 
examine whether a variable could reasonably have come from the specified 
distribution, such as a normal distribution (Hays, 1994). Comparing and 
computing the difference between the observed cumulative distribution and 
the theoretical distribution for a variable, the test reports a measure of 
goodness-of-fit, Kolmogorov-Smimov Z value (Hays, 1994). This 
goodness-of-fit test helps this study to examine whether the collected financial 
ratios of the bankrupt corporations and non-bankrupt corporations are 
normally distributed in every sample year. 
(2) Mean comparison test: When violating the normality of assumptions, the 
Mann-Whitney test, rather than the t-test, is a more powerful alternative to 
examine the difference in means of a variable between two groups (Hays, 
1994). Therefore, this study chose the independent t-test or the 
Mann-Whitney (M-W) test to examine the disparity in financial ratios 
between bankrupt and non-bankrupt groups depending on the results of K-S 
tests. If a financial ratio simultaneously was indicated normally distributed 
in the group of bankrupt corporations and the group of non-bankrupt 
corporations, this study used the independent t-test to test the difference in 
means of the ratio between the two groups. If the ratio was indicated to be 
non-normally distributed in either the group of bankrupt corporations or the 
group of non-bankrupt corporations, the Mann-Whitney test was used to test 
the difference. 
In addition to the first four hypotheses, one hypothesis tested to determine if 
bankrupt corporations prior to bankruptcy exhibit significance inferiorities in auditing 
indicators. This study used two dummy variables as auditing indicators, which 
individually present the content of auditor opinions and the opinion shopping behavior. 
Due to the dichotomy in the dummy variable, the independent t-test could be used to test 
whether bankrupt corporations significantly receive more unclean auditor opinions and 
engaged in opinion shopping more than non-bankrupt counterparts. 
Research question 3 attempted to validate whether a rolling-logit prediction model 
could be an effective early signal to impending bankrupt companies in the TSE market. 
For comparison purposes, one logit model based on single period information was also 
developed as a benchmark model. To validate the usefulness of the rolling-logit model, 
three procedures were conducted for this research question: (1) component analysis was 
used to extract most of the explanatory factors from collected financial ratios, (2) the 
Jacknifing method was used to estimate and validate these two prediction models, and (3) 
the predictive abilities of these two prediction models were summarized and compared as 
far back as three years before bankiuptcy. The procedures were described as follows: 
1. Principle component analysis: Principal component analysis is a method used 
to extract a few components that can explain the variance-covariance of a set of 
variables (Johnson & Wichern, 2002). The main advantage of this analysis is 
that it provids independent components for researchers. Pinches (1980), 
Zavgren (1985), and Ezzamle et al. (1987) noticed that the multicollinearity in 
financial ratios will affect the overall predictive ability because the individual 
parameters are possibly less significant in their contributions to the 
determination of bankruptcy probability. To respond to this problem, 
principle component analysis is recommended to extract most of the 
explanatory components as predictor variables in order to avoid the problem in 
estimation. Based on the previous studies, principal component analysis was 
used to extract most explanatory components that can provide most of the 
financial information for the two prediction models postualted in this study. 
2. Prediction model estimation: Typically, a corporate bankruptcy prediction 
model is estimated and verified by the procedure of cross-validation. The 
procedure usually requires a large sample which can be divided into an analysis 
group and a holdout group -the analysis group is used to estimate a prediction 
model and the holdout group is used to validate its predictive ability. Limited 
by a small sample size, it is difficult for this study to have a holdout group to 
test the predictive abilities of the proposed rolling-logit model. Therefore, this 
study used an alternative, the Jacknifing method, to estimate the rolling-logit 
and logit prediction models individually. The main advantage of the 
Jacknifing method is that the estimation and validation of a prediction model is 
based on repeat samples. The repeat sampling and estimating procedure 
provides unbiased estimators of parameters and beta coefficients of 
components of the models for each prior bankruptcy period. 
(3) Predictive performance comparison: Obtaining the numbers from the 
estimation procedure, this study compared the performances in the two models, 
in terms of type I error, type I1 error and predictive accuracy, as far back as 
three years prior to bankruptcy. The results of the comparisons led this study 
to examine the usefulness of the rolling-logit prediction model in 
discriminating bankrupt and non-bankrupt companies in the TSE market. 
Evaluation of Research Methods 
Internal and external validity were evaluated by the strengths and weaknesses of 
research methods in this study, which were addressed as follows: 
1. The financial ratios used in this study are measured by standard process, 
which can provide an objective measure to evaluate a company's performance 
and assess its bankrupt probability. These objective measures improved the 
internal validity of this study. 
2. Obtaining the majority of the bankrupt TSE companies from populations 
enhanced its external validity in application in the TSE market. 
3. Using specific criteria to match up each pair of bankrupt and non-bankrupt 
company reduced selection bias and improved the internal validity of this 
study. 
4. Using appropriate statistical procedures, such as K-S, M-W, principle 
component analysis, and Jacknifing method, to answer research questions and 
test postulated hypotheses strengthened the internal validity of the study. 
5. The limitation of geographic area reduced the general applicability of this 
study to other countries. 
6.  The samples from TSE listed companies limited the general applicability of 
this study to other stock markets in Taiwan. 
Chapter I11 presented the research methodology that addressed the postulated 
research questions and hypotheses about usefulness of the rolling-logit prediction model 
in discriminating bankrupt and non-bankrupt companies in the TSE market. This 
chapter included a description of the proposed research design, the sampling plan and 
operational definition of variables, data collection procedures, and methods of data 
analysis. 
CHAPTER IV 
EMPIRICAL RESULTS 
Following the research methods described in Chapter 111, this chapter presented 
empirical results in regard to answers for the research questions and test results for the 
research hypotheses in this study. The empirical analysis was organized into three 
sections: (1) descriptive analysis of the sample bankrupt corporations, (2) mean 
comparison tests between bankrupt and non-bankrupt TSE corporations in financial ratios 
and auditing attributes, and (3) the estimation and validation of bankruptcy prediction 
models. 
Research Question 1 
Based on the TEJ database, there were 762 companies declared to be de-listed or 
under special arrangements by the TSEC from 1999 to 2005. The reasons for the 
declarations were that companies were in: (a) an incubation stage and needed financial 
support, (b) a cash shortage stage and had encountered difficulty in meeting current 
obligations, or (c) an insolvency stage and had declared the reorganization process. 
Among the 76 companies, the required data of financial ratios or auditing indicators of 21 
companies were incomplete in the TEJ and TSFI database and three companies could not 
be appropriately matched up with non-bankruptcy ones. This resulted in a total of 52 
companies as the valid sample of bankrupt TSE corporations in this study. Table 4-1 
summarizes the frequency and percentage of the sample of the valid and invalid sample 
in this study. 
The number excluded the bankrupt TSE corporations in the industry of financial and banking. 
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Table 4-1 
Summary of Bankrupt Companies in the TSE Marketfiom 1999 to 2005 
Frequency Percentage 
Valid 52 68.4% 
Invalid 
Financial ratios are incomplete in TEJ database 2 1 27.6% 
Cannot be match-paired 3 4.0% 
Total 76 100% 
Furthermore, this study summarized the selected sample according to chronology 
of the bankruptcy event year. There were seven bankruptcies in 1999, 13 bankruptcies 
in 2000, 13 bankruptcies in 2001, four bankruptcies in 2002, four bankruptcies in 2003, 
four bankruptcies in 2004 and seven bankruptcies in 2005. This summary showed that 
the frequency distribution across chronology was skewed as the majority happened in 
2001 and 2002, a total of 50% of the bankrupt sample. Table 4-2 presents the frequency 
distribution of bankrupt companies across the period 1999-2001. 
Table 4-2 
Summary of the Bankrupt TSE Corporations Sampled in This Study by Event Year 
Year Frequency Percentage 
2005 7 13.46% 
Total 52 1 OO%a 
aAn approximate value 
After identifying the group of bankrupt TSE companies, the study proceeded in 
match-paired procedure to select a group of non-bankrupt TSE companies with the ratio 
1 : 1. This match-paired procedure resulted in a total of 104 sample corporations, which 
were evenly divided into the bankruptcy group and the non-bankruptcy group (see 
appendix A). Based on the matched list, this study collected data from the four years 
prior to bankruptcy for each of the paired corporations. With the collected data, this 
study first performed descriptive analysis to describe the profile characteristics of sample 
corporations in the terms of average-annual sales, net income, and total assek3 This 
The values represented the average of the four-year annual data of sales, total assets, and net income for 
each sample company. 
analysis is primarily organized into two parts: (1) descriptive analysis for the bankruptcy 
group, (2) descriptive analysis for the non-bankruptcy group. 
Descriptive Analysis of the Bankruptcy Group Sampled in This Study 
Table 4-3 presents the frequency distributions of average-annual sales, net income, 
and total assets of the bankruptcy group in this study. The average-annual sales of the 
bankruptcy group ranged from NT 406 to NT 27,662 million dollars. Of the 52 
bankrupt TSE corporations, 43 corporations (82.7%) had average-annual sales below NT 
7,000 million dollars every year before bankruptcy, and only two corporations (3.8%) 
had average-annual sales over NT 21,000 million dollars. The average-annual net 
income of bankruptcy group ranged from -NT 2,073 million to 344 million dollars. The 
majority of the bankruptcy group (76.9%) experienced annual losses and five bankrupt 
TSE corporations (9.6%) even incurred annual losses over NT 1,200 million dollars prior 
to the bankruptcy stage. The average-annual total assets ranged from NT 746 million to 
58,414 million dollars. The largest group included 40 bankrupt TSE corporations 
(76.9%) with total assets less than NT 15,000 million dollars, and only two bankrupt TSE 
corporations (3.8%) had total assets over NT 45,000 million dollars. 
Table 4-3 
The Characteristics of the Bankruptcy Group by Average-Annual Sales, Net Income, and 
Total Assets (iV=52) 
Characteristics Frequency Percentage 
Average Annual Sales 
Below 7,000 43 82.7% 
7,001-14,000 
14,001-21,000 
Above 2 1,000 
Average Annual Net Income 
Below -1,200 
-1,200--601 
-600-0 
Above 0 
Average Annual Total Assets 
Below 15,000 
30,00145,000 
Above 45,000 
Note. The unit of these three characteristics was NT million dollars in this study. 
Descriptive Analysis of the Non-Bankruptcy Group Sampled in This Study 
Table 4-4 presents the frequency distributions of average-annual sales, net income, 
and total assets of the non-bankruptcy group in this study. In the non-bankruptcy group, 
the average-annual sales ranged from NT 61 6 to NT 123,115 million dollars. Of the 
non-bankrupt TSE corporations, 47 corporations (90.4%) had average-annual sales below 
NT 30,000 million dollars, while only two corporations (3.8%) had average-annual sales 
over NT 90,000 million dollars. Compared to the bankruptcy group, there were only 22 
non-bankrupt TSE corporations (42.3%) with average-annual sales less than NT 7,000 
million dollars. The average-annual net income ranged from -NT 769 million to 20,582 
million dollars. The majority of the non-bankruptcy group had positive profits, and only 
four corporations (7.7%) experienced annual losses in every year during the data 
collection period. The average-annual total assets ranged from NT 1,325 million to 
269,671 million dollars. The largest group included 47 non-bankrupt TSE corporations 
(90.4%) with average-annual total assets less than NT 70,000 million dollars, and only 
one non-bankrupt TSE corporations (1.9%) had average-annual total assets more than NT 
. .210,000 during data collection period. Furthermore, none of the non-bankrupt 
companies sampled in this study had average-annual total assets of less than NT 15,000 
million dollars. 
Table 4-4 
The Characteristics of the Non-Bankruptcy Group by Average-Annual Sales, Net 
Income, and Total Assets (N=52) 
Characteristics Frequency Percentage 
Average Annual Sales 
Below 30,000 (7,000) 47 (22) 90.4 (42.3)% 
30,00160,000 2 3.8% 
60,001-90,000 1 1.9% 
Above 90,000 2 3.8% 
Average Annual Net Income 
Below 0 
0- 7,000 
7,001-14,000 
Above 14,000 
Average Annual Total Assets 
Below 70,000 (15,000) 
70,001-140,000 
140,001-210,000 
Above 2 10,000 
Note. The unit of these three characteristics was NT million dollars in this study. 
For the purposes of comparison, the means and standard deviation of these three 
characteristics are also calculated and presented. As shown in Table 4-5, the bankruptcy 
group, compared to the non-bankruptcy group, experienced less annual sales, net income 
and total assets from operations throughout four years prior to bankruptcy. The mean of 
annual sales of the bankruptcy group was NT 4,798.2 million dollars, while the mean of 
annual net income was -NT 383.4 million dollars and the mean of annual total assets was 
NT 1 1,690.1 million dollars. In contrast, the mean of annual sales of the 
non-bankruptcy group was NT 15,393.6 million dollars, while the mean of annual net 
income was NT 1,769.2 million dollars and the mean of annual total assets was NT 
27,605.5 million dollars. 
Table 4-5 
The Descriptive Analysis ofAverage-Annual Sales, Net Income, and Total Assets of the 
Bankruptcy Group and the Non-Bankruptcy Group 
Characteristics Mean SD 
Bankruptcy Group 
Annual sales 
Annual net income 
Annual total asset 
Non-Bankruptcy Group 
Annual sales 
Annual net income 
Annual total asset 
Note. The unit of these three characteristics was NT million dollars in this study. 
As discussed as above, the frequency distribution of average-annual sales for the 
two groups indicated that the majority of the bankruptcy group (82.7%) had 
average-annual sales below NT 7,000 million dollars before bankruptcy, whereas only 
42.3% of the non-bankruptcy group had average-annual sales below NT 7,000 million 
dollars. In the term of average-annual net income, 76.9% of the bankruptcy group 
experienced annual losses before bankruptcy, while only 7.7% of the non-bankruptcy 
group exhibited negative profits. For average-annual total assets, 76.9% of the 
bankruptcy group had annual total assets less than NT 15,000 million dollars, and none of 
the non-bankruptcy group had annual total assets less than NT 15,000 million dollars. 
Furthermore, the mean statistics of the bankruptcy group showed that the mean of 
annual sales was NT 4,798.2 million dollars, the mean of annual net income was -NT 
383.4 million dollars, and the mean of annual total assets was NT 1 1,690.1 million 
dollars. On the other hand, the means statistics of the non-bankrupt group showed that 
the mean of annual sales was NT 15,393.6 million dollars, the mean of annual net income 
was NT 1,769.2 million dollars, and the mean of annual total assets was NT 27,605.5 
million dollars. Therefore, the results of frequency distributions and the mean statistics 
clearly revealed that the bankrupt group experienced more losses from operations, and 
had less total assets to protect themselves from unexpected losses. 
Research Question 2 
Derived from research question 2, five hypotheses, presented as alternative 
hypotheses were stated in this study. The first four hypotheses (HZa-Hzd) were intended 
to validate that bankrupt TSE corporations exhibit significant inferiorities in the terms of 
profitability, liquidity, leverage, and performance ratios prior to bankruptcy. On the 
basis of reviewed previous studies, this study performed two statistical tests in order to 
develop an appropriate statistical procedure to test these four hypotheses. First, this 
study conducted the Kolmogorov-Smimov (K-S) tests to examine if collected financial 
ratios were normally distributed. Second, based upon the results of K-S tests, this study 
chose the independent t-test or the Mann-Whitney (M-W) test to examine the significance 
of the differences in financial ratios between the bankruptcy group and the 
non-bankruptcy group in this study. In addition to these four hypotheses, one 
hypothesis was also stated to test if bankrupt corporations exhibited inferiorities in 
auditing indicators prior to bankruptcy. The auditor indicators in this study were two 
dummy variables, which individually represent the contents of an auditor opinion that a 
firm received and an auditor change that a firm executed during the sample period. Due 
to the dichotomy, the independent t-test was used to test whether bankrupt corporations 
receive more unclean auditor opinions and engage more often in opinion shopping. 
Research Hypothesis Hzo 
Kormogorov-Smirnov (K-S) Tests 
As indicated in Table 4-6, thep-values of the K-S tests on the ROA showed that 
the collected ROA data of the bankruptcy group and the non-bankruptcy group were 
normally distributed at each sample year. The results of K-S tests on the ROA indicated 
that at every sample year, the collected ROA data were satisfied with the assumption of 
the independent-t test - normal distribution of each group and suggest that the 
independent-t test was an appropriate method for this study to test the differences in the 
means of the ROA between the two groups. 
Furthermore, the results of the K-S tests on the ROE showed that the collected 
data of the two groups were not simultaneously indicated as normally distributed at each 
sample year. Thep-values of the K-S tests on the ROE in the bankruptcy group showed 
that the collected ROE data were indicated as non-normally distributed at each sample 
year. In the non-bankruptcy group, the of the K-S tests indicated that the collected ROE 
data were a good fit for normal distribution in one, two, three years prior to bankruptcy, 
but was not normally distributed at four years before bankruptcy. These results of the 
K-S tests on the ROE revealed that at every sample year the collected ROE data of the 
two groups did not meet the assumption of the independent-t test and suggest the use of 
the Mann-Whitney (M-W) test in examining the difference in the means of the ROE 
between the two groups at each sample year. Table 4-6 presents the results of the 
Kormogorov-Smirnov (K-S) tests for normality of the collected profitability ratios of the 
bankruptcy group and the non-bankruptcy group in this study. 
Table 4-6 
Kormogorov-Smirnov (K-S) Tests of the Collected ProJitability Ratios of the Bankruptcy 
Group and the Non-Bankruptcy Group in This Study 
Bankruptcy group Non-bankruptcy group 
K-S p-value K-S p-value 
z value z value 
ROA 
At 1 year before bankruptcy 1.007 0.263 0.664 0.770 
At 2 years before bankruptcy 0.600 0.865 1.019 0.25 
At 3 years before bankruptcy 1.096 0.181 1.109 0.171 
At 4 years before bankruptcy 0.987 0.284 0.998 0.272 
ROE 
At 1 year before bankruptcy 2.792 0.000 0.593 0.874 
At 2 years before bankruptcy 2.061 0.000 0.892 0.404 
At 3 years before bankruptcy ' 1.468 0.027 0.887 0.41 1 
At 4 years before bankruptcy 1.394 0.041 2.184 0.000 
Note. The null hypothesis of K-S tests in this study was that a collected ratio is from normal 
distribution. Ifpvalue <.05, the null hypothesis can be rejected, i.e., the ratio was 
indicated as non-normally distributed. Otherwise, the null hypothesis cannot be rejected, 
which implies the ratio was indicated as normally distributed. 
Mean Comparison Tests 
Table 4-7 presents descriptive statistics and mean comparison tests of the 
collected profitability ratios between the bankruptcy group and the non-bankruptcy group 
in this study. The mean statistics indicated that the bankruptcy group, compared to the 
non-bankruptcy group, experienced lower returns on assets and equity at each year of the 
sample period. The means of the ROA of the bankruptcy group were -12.27%, -2.94%, 
-2.15% and 1.30% at one, two, three, and four years prior to bankruptcy, while the means 
of ROE were -42.45%, -6.72%, -7.06%, and 1 . l l%  correspondingly. In the 
non-bankruptcy group, the mean values of the ROA were 5.56%, 6.70%, 6.38%, and 
6.59%, and the means of the ROE were 8.76%, 10.59%, 10.89%, and 8.25% through one 
to four years prior to bankruptcy. When conducting the mean comparison tests in 
examining the difference in means of profitability ratios between the two groups, the 
p-values indicated that each two ratios were significant at the 0.01 level at each year of 
sample period. Thus, the results of the descriptive statistics and the mean comparison 
tests supported the alternative hypothesis that bankrupt TSE corporations have 
significantly lower profitability than non-bankrupt TSE corporations prior to bankruptcy. 
Table 4-7 
Descriptive Statistics and Mean Comparison Tests of the Collected Projtability Ratios 
Between the Bankruptcy Group and the Non-Bankruptcy Group in This Study 
Banhptcy group Non-bankruptcy group p-value of P v a l u e  of 
the M-W the 
test independent Mean S.D Mean S'D. (one-tailed) 
-t test 
(one-tailed) 
ROA 
At 1 year before bankruptcy -12.27 14.33 5.56 7.63 -- 0.000 
At 2 years before bankruptcy -2.94 8.13 6.70 7.92 -- 0.000 
At 3 years before bankruptcy -2.15 9.82 6.38 6.07 -- 0.000 
At 4 years before bankruptcy 1.30 6.18 6.59 7.80 -- 0.000 
ROE 
At 1 year before bankruptcy -42.45 121.47 8.76 12.92 0.000 -. 
At 2 years before bankruptcy -6.72 16.76 10.59 13.04 0.000 -- 
At 3 years before bankruptcy -7.06 23.20 10.89 10.19 0.000 -- 
At 4 years before bankruptcy 1.11 16.52 8.25 25.79 0.001 -- 
Note. The unit of the profitability ratios in this study was percentage. 
Moreover, this study charted the time-patterns of the means of the two 
profitability ratios for the bankruptcy group and the non-bankruptcy group, exhibited in 
Figures 4-1 and 4-2. As shown in the Figure 4-1, a declining trend described the means 
of ROA for the bankruptcy group declining from 1.3% to -12.27% through four years to 
one year before bankruptcy. Similarly, a declining pattern, shown in the Figure 4-2, 
presented the means of ROE for the bankruptcy group decreasing from 1.1 1 % to -42.45% 
across the sample period. In contrast, the non-bankruptcy group exhibited stable 
earning abilities through the period. The time-patterns of the profitability ratios 
indicated that the bankruptcy group usually experience a continue deterioration in 
earnings from operations as approaching bankruptcy. 
Figure 4-1. Time-patterns of mean values of the ROA of the bankruptcy group and the 
non-bankruptcy group across the sample period. 
Figure 4-2. Time-patterns of mean values of the ROE of the bankruptcy group and the 
non-bankruptcy group across the sample period 
Research Hypothesis HZb 
Kormogorov-Smirnov (K-S) Tests 
Thep-values of the K-S tests on the CR in the bankruptcy group indicated that the 
collected CR data were normally distributed at one year and two years before bankruptcy, 
but were not normally distributed at three and four years before bankruptcy. In 
non-bankruptcy group, the p-values of K-S tests on the CR showed that the collected data 
were normally distributed at every sample year. The results of the K-S tests on the CR 
showed that the collected CR data of the two groups simultaneously met the normality 
assumption for the independent-t test at one and two years before bankruptcy, but 
violated the assumption at three and four years before bankruptcy. These results 
suggested that this study used (a) the independent-t test to examine the difference in 
means of the CR between the two groups at one and two years before bankruptcy, and (b) 
the Mann-Whitney test to examine the mean differences between the two groups at three 
and four years before bankruptcy. 
Furthermore,p-values of the K-S tests on the QR in the bankruptcy group 
indicated that the collected QR data was non-normally distributed at one, two, and three 
years before bankruptcy, but normally distributed at four years prior to bankruptcy. In 
non-bankruptcy group, the K-S tests on the QR showed that the collected QR data were 
normally distributed at every sample year. Therefore, the results of K-S tests on the QR 
in the two groups indicated this study use (a) the Mann-Whitney test to examine the 
difference in means of the QR between the two groups at one, two, and three years before 
bankruptcy, and (b) the independent-t test when comparing means between the two 
groups in the collected data at four years prior to bankruptcy. 
Finally, thep-values of K-S tests on the CCL and the WCTA indicated that at 
each sample year, the collected CCL and WCTA data of the bankruptcy group and the 
non-bankruptcy group were normally distributed. These results suggested this study use 
the independent-t test to examine the difference in the means of the CCL and the WCTA 
between the two groups at each year of the sample period. Table 4-8 presents the results 
of the Kormogorov-Smirnov (K-S) tests on the collected liquidity ratios of the 
bankruptcy group and the non-bankruptcy group in this study. 
Table 4-8 
Kormogorov-Smirnov (K-S). Tests of the Collected Liquidity Ratios of the Bankruptcy 
Group and the Non-Bankruptcy Group in This Study 
Bankruptcy group Non-bankruptcy group 
K-S p-value K-S p-value 
z value z value 
At 1 year before bankruptcy 
At 2 years before bankruptcy 
At 3 years before bankruptcy 
At 4 years before bankruptcy 
QR 
At 1 year before bankruptcy 
At 2 years before bankruptcy 
At 3 years before bankruptcy 
At 4 years before bankruptcy 
CCL 
At 1 year before bankruptcy 
At 2 years before bankruptcy 
At 3 years before bankruptcy 
At 4 years before bankruptcy 
WCTA 
At 1 year before bankruptcy 
At 2 years before bankruptcy 
At 3 years before bankruptcy 
At 4 years before bankruptcy 
Note. The null hypothesis of K-S tests in this study was that a collected ratio is from normal 
distribution. Ifp-value <.05, the null hypothesis can be rejected, i.e., the ratio was 
indicated as non-normally distributed. Otherwise, the null hypothesis cannot be rejected, 
which implies the ratio was indicated as normally distributed. 
Mean Comparison Tests 
Table 4-9 presents descriptive statistics and the results of mean comparison tests 
of the collected liquidity ratios between the bankruptcy group and the non-bankruptcy 
group in this study. The mean statistics indicated that bankrupt corporations had lower 
short-term insolvency ratios than non-bankrupt corporations at each year of the sample 
period. The means of the CR of the bankruptcy group were 103.67%, 145.14%, 
164.59%, and 165.71% at one, two, three, four years prior to bankruptcy, while the mean 
values for the non-bankruptcy group were above 200% through the period. The mean 
values of the QR of the bankruptcy group were 43.61%, 69.29%, 77.45%, and 81.67% 
from one to four years before bankruptcy, whereas the mean values of the 
non-bankruptcy group were consistently above 100%. Meanwhile, the mean values of 
the CCL of the bankruptcy group were -3.22%, -7.26%, -4.18%, and -5.56% and mean 
values of the WCTA of the bankruptcy group were -0.05%, 11.42%, 13.20%, and 15.72% 
through one year to four years before bankruptcy. In contrast, the non-bankruptcy 
group showed positive and stable mean values in the two ratios, above 22%, through the 
period. 
Moreover, mean comparison tests indicated that except the ratio of the QR with a 
0.1 significance level at four years prior to, all other ratios were statistically significant 
with the 0.05 level through f o u ~  years prior to bankruptcy, as shown in the Table 4-9. 
Therefore, the results of descriptive statistics and mean comparison tests supported the 
alternative hypothesis that bankrupt TSE corporations have significantly lower liquidity 
than non-bankrupt TSE corporations prior to bankruptcy. 
Table 4-9 
Descriptive Statistics and Mean Comparison Tests of the Collected Liquidity Ratios Between 
the Bankruptcy Group and the Non-Bankruptcy Group in This Study 
Bankruptcy group Non-Bankruptcy group P - ~ ~ ' ~ ~  of p-value of the 
the M-W independent4 
Mean S.D test test Mean S'D' (one-tailed) (one-tailed) 
At 1 year before bankruptcy 
At 2 years before bankruptcy 
At 3 years before bankruptcy 
At 4 years before bankruptcy 
QR 
At 1 year before bankruptcy 
At 2 years before bankruptcy 
At 3 years before bankruptcy 
At 4 years before bankruptcy 
CCL 
At 1 year before bankruptcy 
At 2 years before bankruptcy 
At 3 years before bankruptcy 
At 4 years before bankruptcy 
WCTA 
At I year before bankruptcy -0.05 19.576 20.51 20.702 -- 0.000 
At 2 years before bankruptcy 11.42 25.521 22.48 20.914 -- 0.009 
At 3 years before bankruptcy 13.20 23.787 26.07 22.699 -- 0.003 
At 4 years before bankruptcy 15.72 25.596 23.84 23.491 -- 0.048 
Note. The unit of the liquidity ratios in this study was percentage. 
In addition to descriptive statistics and the mean comparison test, the 
time-patterns of these four liquidity ratios for the bankruptcy group and the 
non-bankruptcy group were charted in Figures 4-3 - 4-6. Figure 4-3 and Figure 4-6 
showed that the bankruptcy group exhibited a decline in the ratios of the CR, QR, and 
WCTA, and a lower level at the CCL. On the hand, the non-bankruptcy group 
maintained a consistency in liquidity assets to meet the obligations. As a result, the 
time-patterns of the liquidity ratios revealed that bankrupt groups usually exhibited an 
aggravation in short-term solvency ability at prior bankruptcy stage. 
Figure 4-3. Time-patterns of mean values of the CR of the bankruptcy group and the 
non-bankruptcy group across the sample period 
Figure 4-4. Time-patterns of mean values of the QR of the bankruptcy group and the 
non-bankruptcy group across the sample period 
Figure 4-5. Time-patterns of mean values of the CCL of the bankruptcy group and the 
non-bankruptcy group across the sample period 
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Figure 4-6. Time-patterns of mean values of the WCTA of the bankruptcy group and 
the non-bankruptcy group across the sample period. 
Research Hypothesis Ht, 
Kormogorov-Smirnov (K-S) Tests 
Thep-values of K-S tests on the collectedleverage ratios indicated that the 
collected DR and FAR data of the two groups were simultaneously a good fit for normal 
distribution at each sample year. The results of the K-S tests indicated this study should 
use the independent-t test to examine the differences in means of the two leverage ratios 
between the two groups at each sample year. Table 4-10 presents the results of the 
Kormogorov-Srnirnov (K-S) tests on the collected leverage ratios of the bankruptcy 
group and non-bankruptcy group in this study. 
Table 4-10 
Kormogorov-Smirnov (K-S) Test of the Collected Leverage Ratios of the Bankruptcy 
Group and Non-Bankruptcy Group in This Study 
Bankruptcy group Non-bankruptcy group 
K-S p-value K-S p-value 
z value z value 
DR 
At 1 year before bankruptcy 0.613 0.846 0.448 0.971 
At 2 years before bankruptcy 0.584 0.884 0.435 0.992 
At 3 years before bankruptcy 0.465 0.982 0.661 0.775 
At 4 years before bankruptcy 0.543 0.929 0.867 0.440 
FAR 
At 1 year before bankruptcy 1.184 0.121 1.315 0.063 
At 2 years before bankruptcy 1.318 0.062 1.273 0.078 
At 3 years before bankruptcy 1.291 0.062 1.103 0.175 
At 4 years before bankruptcy 0.858 0.453 0.643 0.817 
Note. The null hypothesis of K-S tests in this study was that a collected ratio is from normal 
distribution. Ifp-value <.05, the null hypothesis can be rejected, i.e., the ratio was 
indicated as non-normally distributed. Otherwise, the null hypothesis cannot be rejected, 
which implies the collected ratio was indicated as normally distributed. 
Mean Comparison Tests 
Table 4-1 1 presents the results of descriptive statistics and mean comparison tests 
of the collected leverage ratios between the bankruptcy group and the non-bankruptcy 
group in this study. The mean statistics disclosed that bankrupt corporations, compared 
to non-bankrupt corporations, had higher leverage ratios at each year of the sample period. 
The mean values of the DR of the bankruptcy group were 61.63%, 53.71%, 50.12%, and 
49.05% at one, two, three, and four years prior to bankruptcy, while the mean values of 
the FAR were 72.19%, 65.88%, 67.17% and 61.77% correspondingly. In contrast, the 
non-bankruptcy group had the mean values of the DR below 42% and the mean values of 
the FAR below 55% through the sample period. Furthermore, mean comparison tests in 
the leverage ratios between the two groups revealed that (a) the differences in the DR 
were significant with the 0.05 level across the sample period, and the differences in the 
FAR were significant with the 0.1 level at one and two years before bankruptcy. Thus, 
the results of descriptive statistics and mean comparison tests mostly supported this 
alternative hypothesis that bankrupt TSE corporations have significantly higher leverage 
ratios than non-bankrupt TSE corporations prior to bankruptcy. 
Table 4-1 1 
Descriptive Statistics and Mean Comparison Tests of the Collected Leverage Ratios 
Between the Bankruptcy Group and Non-Bankruptcy Group in This Study 
Bankruptcy group Non-bankruptcy group Pvalue the 
independent-t test 
S.D. (one-tailed) Mean S.D Mean 
DR 
At 1 year before bankruptcy 61.63 14.19 39.65 14.48 0.000 
At 2 years before bankruptcy 53.71 12.72 40.06 15.20 0.000 
At 3 years before bankruptcy 50.12 16.50 40.30 13.99 0.001 
At 4 years before bankruptcy 49.05 15.80 42.16 16.82 0.017 
FAR 
At 1 year before bankruptcy 72.19 69.86 48.77 38.94 0.019 
At 2 years before bankruptcy 65.88 70.91 50.44 41.31 0.09 
At 3 years before bankruptcy 67.17 68.98 52.91 45.14 0.1 1 
At 4 years before bankruptcy 61.77 50.09 54.52 37.71 0.203 
Note. The unit of the leverage ratios in this study was percentage. 
The time-patterns of means of the two leverage ratios for the bankruptcy group 
and the non-bankruptcy group were charted in Figure 4-7 and 4-8. As shown in the two 
figures, the upward trends described the means of the DR for the bankruptcy group rising 
from 49.05% to 61.63% through four years to one year prior to bankruptcy, while the 
mean values of FAR rising from 61.77% to 72.19% across the sample period. The 
non-bankruptcy group was consistently around at modest levels in these two leverage 
ratios. The time-patterns of the leverage ratios showed that the bankruptcy group had 
increasing debt obligations to meet when they approaches bankruptcy. 
Figure 4-7. Time-patterns of the mean values of the DR of the bankruptcy group and 
the non-bankruptcy group across the sample period 
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Figure 4-8. Time-patterns of the mean values of the FAR of the bankruptcy group and 
the non-bankruptcy group across the sample period. 
Research Hypothesis H a  
Kormogorov-Smirnov (K-S) Tests 
Thep-values of K-S tests on the TATR of the bankruptcy group indicated that the 
collected TATR data were normally distributed at every sample year. In the 
non-bankruptcy group, the K-S tests on the TATR showed that the collected data were 
normally distributed at two and three years before bankruptcy, but were not a good fit for 
normal distribution at one year and four years before bankruptcy. The results of the K-S 
tests on the TATR showed that the collected TATR data of the two groups met the 
assumption for the independent-t test at two and three years before bankruptcy, but 
violated the assumption at one year and four years before bankruptcy. These results 
suggested this study use (a) the independent-t test to examine the difference of the mqans 
of the TATR between the two groups at two and three years before bankruptcy, and (b) 
the Mann-Whitney test when comparing the means between the two groups at one year 
and four years before bankruptcy. 
The results of the K-S tests on the ITR showed that the collected ITR data of the 
two groups were not simultaneously indicated as normally distributed at each sample year. 
The K-S tests on the ITR in the bankruptcy group showed that the collected data at each 
sample year were non-normally distributed. In the non-bankruptcy group, the K-S tests 
indicated that the collected data at one and two years prior to bankruptcy were not a good 
fit for normal distribution, but the data at three and four years before bankruptcy were 
indicated as normally distributed. The results of the K-S tests on the ITR suggested this 
study use the Mann-Whitney (M-W) test to examine the differences in the means of the 
ITR between the two groups at each year of the sample period. 
The results of the K-S tests on the ARTR indicated that at each sample year 
before bankruptcy, the collected data of the two groups were non-normally distributed. 
Based on the results from the K-S tests, this study used the Mann-Whitney (M-W) test to 
examine the differences in means of the ARTR between the two groups throughout the 
sample period. Table 4-12 presents the results of the Kormogorov-Smirnov (K-S) tests 
on the collected performance ratios of the bankruptcy group and non-bankruptcy group in 
this study. 
Table 4-12 
Kormogorov-Smirnov (K-S) Tests of the Collected Performance Ratios of the Bankruptcy 
Group and the Non-Bankruptcy Group in This Study 
Bankruptcy group Non-bankruptcy group 
K-S p-value K-S p-value 
z value z value 
TATR 
At 1 year before bankruptcy 
At 2 years before bankruptcy 
At 3 years before bankruptcy 
At 4 years before bankruptcy 
ITR 
At 1 year before bankruptcy 
At 2 years before bankruptcy 
At 3 years before bankruptcy 
At 4 years before bankruptcy 
ARTR 
At 1 year before bankruptcy 
At 2 years before bankruptcy 
At 3 years before bankruptcy 
At 4 years before bankruptcy 
Note. The null hypothesis of K-S tests in this study was that a collected ratio is from normal 
distribution. Ifp-value <.05, the null hypothesis can be rejected, i.e., the ratio was 
indicated as non-normally distributed. Otherwise, the null hypothesis cannot be rejected, 
which implies the collected ratio was indicated as normally distributed. 
Mean Comparison Tests 
Table 4-13 presents descriptive statistics and mean comparison tests of the 
1 collected performance ratios between the bankruptcy group and the non-bankruptcy 
group in this study. The mean statistics showed that the bankruptcy group has lower 
performance ratios than the non-bankruptcy group through the sample period, except the 
ratio of ITR at one year prior to bankruptcy. The means of the TATR for the 
bankruptcy group were 0.47,0.48, 0.49, and 0.60 at one, two, three, and four years prior 
to bankruptcy, while the mean values for the non-bankruptcy group were above 0.8 
throughout the period. The mean values of the ITR for the bankruptcy group were 5.46, 
4.58, and 5.69 through four to two years prior to bankruptcy, but the values rose to 8.49 
in the year just prior to bankruptcy. In contrast, the mean values of the ITR for the 
non-bankruptcy group were consistently maintained at around 7 through the sample 
period. Meanwhile, the mean values of the ARTR for the bankruptcy group were 6.05, 
5.50,4.63 and 5.68 at one, two, three, and four years prior to bankruptcy, and the mean 
values of the ARTR for the non-bankruptcy group were consistently around 16 during the 
data collection period. 
Regarding the results of mean comparison tests, thep-values shown in Table 4-13 
indicated that except for the ratio of ITR at one year prior to bankruptcy, all other ratios 
are statistically significant at 0.05 through four years prior to bankruptcy. Therefore, the 
results of descriptive statistics and mean comparison tests mostly supported the 
alternative hypothesis that bankrupt TSE corporations have significantly lower 
performance ratios than non-bankrupt TSE corporations prior to bankruptcy. 
Table 4-13 
Descriptive Statistics and Mean Comparison Tests of the Collected Performance Ratios 
of the Bankruptcy Group and the Non-Bankruptcy Group in This Study 
Bankruptcy group Non-bankruptcy group Pvalue Pvalue the 
the M-W independent4 
n s  .... n n x r.-- n n test test lvlean a.u 1v1ea11 D.U.  (one-tailed) (one-tailed) 
T ATR 
At 1 year before bankruptcy 0.47 0.37 0.84 0.76 0.001 -- 
At 2 years before bankruptcy 0.48 0.32 0.88 0.79 -- 0.001 
At 3 years before bankruptcy 0.49 0.37 0.91 0.79 -- 0.001 
At 4 years before bankruptcy 0.60 0.45 1.01 0.96 0.01 1 -- 
ITR 
At 1 year before bankruptcy 8.49 21.70 7.54 8.23 0.872 -- 
At 2 years before bankruptcy 5.69 7.96 7.19 7.01 0.045 -- 
At 3 years before bankruptcy 4.58 5.16 6.80 7.01 0.019 -- 
At 4 years before bankruptcy 5.46 7.97 6.63 6.84 0.009 -- 
ARTR 
At 1 year before bankruptcy 6.05 6.809 18.15 42.70 0.000 -- 
At 2 years before bankruptcy 5.50 4.340 15.75 28.61 0.000 -- 
At 3 years before bankruptcy 4.63 2.542 16.81 30.65 0.000 -- 
At 4 years before bankruptcy 5.68 4.071 14.37 25.81 0.000 -- 
The time-patterns of the three performance ratios for the bankruptcy group and 
the non-bankruptcy group were graphed in Figures 4-9 - 4-1 1. As shown in the figures, 
the bankruptcy group, compared to the non-bankrupt group, had a lower level in the 
performance ratios across the sample period. These time-patterns indicated that 
bankrupt TSE corporations exhibit efficiencies in managing its total assets and account 
receivables at prior bankruptcy stage. 
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Figure 4-9. Time-patterns of mean values of the TATR of the bankruptcy group and 
non-bankruptcy group across the sample period 
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Figure 4-1 0. Time-patterns of mean values of the ITR of the bankruptcy group and 
non-bankruptcy group across the sample period 
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Figure 4-11. Time-patterns of mean values of the ARTR of the bankruptcy group and 
non-bankruptcy group across the sample period 
Research Hypothesis Hz, 
Mean Comparison Tests 
Table 4-14 presents descriptive statistics and mean comparison tests of the 
auditing indicators between the bankruptcy group and the non-bankruptcy group in this 
study. The table indicated that the bankruptcy group has a higher proportion of 
receiving unclean opinions4 at each of four years prior to bankruptcy, and had higher 
incidences to change auditors through the sample period except two years before 
bankruptcy. As shown in descriptive statistics, 60%, 21%, 17%, and 23% of the 52 
bankrupt TSE corporations received unclean opinions at one, two, three and four years 
before bankruptcy, whereas 32%, 23%, 19%, and 12% of the bankrupt TSE corporations 
changed their auditors in the corresponding year. On the other hand, 12%, 13%, 15%, 
The unclean opinions in this study included qualified, adverse, and disclaimer opinions, details of which 
can consulted in Chapter 111. 
and 19% of the 52 non-bankrupt TSE corporations received unclean opinions, and 17%, 
13%, lo%, and 10% of the bankrupt TSE corporations changed their auditors at one, two, 
three and four years before bankruptcy 
Ahown in Table 4-14, the mean comparison tests in auditing indicators indicated 
that only at one-year prior to bankruptcy, the differences in these two indicators are 
significant with the 0.05 level. Thus, the results of mean comparison tests partially 
supported the alternative hypothesis that bankrupt TSE corporations have significantly 
higher incidence of receiving unclean opinions and engaging in opinion shopping than 
non-bankrupt TSE corporations prior to bankruptcy. 
Table 4- 14 
Descriptive Statistics and Proportion Comparison Tests of the Collected Auditing 
I Indicators Between the Bankruptcy Group and the Non-Bankruptcy Group in This Study 
Bankruptcy group Non-bankruptcy group Pvalue of the 
independent-t test 
S.D. (one-tailed) Mean S.D Mean 
At 1 year before banlauptcy 0.6 0.5 0.12 0.32 0.000 
At 2 years before bankruptcy 0.2 1 0.4 1 0.13 0.35 0.152 
At 3 years before bankruptcy 0.17 0.38 0.1 5 0.36 0.191 
At 4 years before bankruptcy 0.23 0.43 0.19 0.40 0.3 18 
AC 
At 1 year before bankruptcy 0.32 0.5 0.17 0.4 0.032 
At 2 years before bankruptcy 0.23 0.35 0.13 0.4 0.104 
At 3 years before bankruptcy 0.19 0.40 0.10 0.30 0.199 
1 At 4 years before bankruptcy 0.12 0.32 0.10 0.30 0.376 
The time-patterns of these two auditing indicators for the bankruptcy group and 
the non-bankruptcy group were charted in Figures 4-12 and 4-13. As shown in Figure 
4-12, an increasing trend describes the proportion of the bankruptcy group receiving 
unclean opinions increased from 23% at four years prior to 60% at one year prior to 
bankruptcy Similarly, in Figure 4-13 an increasing pattern presents the proportion of 
the bankruptcy group changing auditors increased from 12% to 32%. In contrast, the 
non-bankruptcy group exhibits a more stable proportion of receiving unclean opinions 
and changing auditors across the sample period. 
Figure 4-12. Time-patterns of the proportions of receiving unclean opinions of the 
bankruptcy group and the non-bankruptcy group across the sample period. 
Figure 4-13. Time-patterns of the proportions of changing auditors of the bankruptcy 
group and the non-bankruptcy group across the sample period. 
Based on the collected data, the results of the five hypotheses (H2,-Hz,) mostly 
supported that bankrupt TSE corporations exhibit significant inferiorities in financial 
ratios and partially supported that bankrupt TSE corporations exhibit significant 
inferiorities in auditing respects. As indicated in time-patterns of the collected ratios, 
the bankrupt TSE corporations have a continuous decreasing in profitability, liquidity, 
and performance, while also experiencing an increase in leverage throughout four years 
prior to bankruptcy. In contrast, the non-bankrupt 'TSE corporations exhibit a relative 
stability in profitability, liquidity, and performance, and maintained a modest level in 
leverage. These empirical results demonstrated that bankrupt TSE corporations usually 
have a continuous deterioration in their financial conditions, which results in higher 
bankruptcy risks as they approach bankruptcy. 
In addition to financial respects, the test results of proportion comparison in 
auditing indicators showed that the bankrupt TSE corporations have significantly higher 
incidences of receiving unclean opinions and changing auditors only at one year prior to 
bankruptcy. It could be evident that the TSE bankrupt corporations intend to manipulate 
their financial statement as approaching bankruptcy, which results in higher incidences to 
receive unclean auditor opinions and change auditor in one year before bankruptcy. 
Research Question 3 
The aim of this research question was to validate whether a rolling-logit 
prediction model could be an effective signal to impending bankrupt companies in the 
TSE market. For comparison purposes, a logit model, based on one period's 
information, was developed as a benchmark model. To validate the usefulness of the 
rolling-logit model, three procedures were conducted to answer this research question: (1) 
principal component analysis was used to extract the most explanatory factors from the 
collected financial ratios, (2) the Jacknifing rnethod was used to estimate and validate the 
predictive abilities of these two models, and (3) the predictive performances between the 
two prediction models were summarized and compared as far back as three years before 
bankruptcy. 
Principal Component Analysis 
As indicated in Table 4-1 5, four components with an eigenvalue larger than 1 
were extracted through the component analysis with varimax rotation, which explained 
71.32% of total variance of collect financial ratios. The first component accounted for 
21.396% of the variance, the second component accounted for 20.423%, the third 
component accounted for 16.225%, and the fourth component accounted for 13.27%. 
Meanwhile, each extracted component charted different financial attributes of a 
corporation when examining the compositions and the signs of their factor loadings in 
each component. The first component indexed the debt-payment ability, which was 
comprised of the three liquidity ratios (CR, QR & CCL) and one leverage ratio (DR) with 
factor loadings, 0.634,0.817,0.714, and -0.709. The positive factor loadings for the 
liquidity ratios indicated there is a positive relationship between liquidity ratios and a 
corporation's debt-payment ability, i.e., the higher liquidity ratios, the higher the 
debt-payment ability. The negative factor loading for the leverage ratio indicated 
reverse relationships between the leverage ratio and a corporation's debt-payment ability. 
The reverse relationship suggested that a company with higher leverage exhibits lower 
debt-payment ability for its creditors. Similarly, the second component was another 
measure to index a corporation's debt ability, which consisted of different compositions, 
the other two liquidity ratios (CR & WCTA) and one leverage ratio (FAR) with factor 
loadings, 0.631,0.881, and -0.838. In addition, the third component indexed the 
profitability of a corporation, which was a composite of the two ratios of ROA and ROE 
with positive factor loadings, 0.815 and 0.912. Finally, the fourth component indexed 
the performance ability of a corporation, which comprised three ratios of ARTR, TATR, 
and ITR with factor loadings, 0.722,0.790, and 0.473. 
As stated in the studies of Pinches (1980), Zavgren (1985), and Ezzamle et al. 
(1987), the principal component analysis provided independent components which 
represented the debt-payment, profitability, and performance abilities of TSE 
corporations sampled in this study. Therefore, these four components were used in the 
subsequent analysis. Table 4- 15 summarizes the results of principal component analysis 
for collected financial ratios in this study. 
Table 4-1 5 
Principal Component Analysis for the Collected Financial Ratios in This Study: Factor 
Loadings for Rotated Factors 
Factor loading 
1 2 3 Community 
Profitability Ratios 
ROA 0.815 0.861 
ROE 0.912 0.845 
Liquidity Ratios 
CCL 0.704 0.602 
WCTA 0.881 0.882 
Leverage Ratios 
FAR -0.838 0.705 
Performance Ratios 
ARTR 0.722 0.566 
TATR 0.790 0.678 
ITR 0.473 0.403 
Eigenvalues 2.354 2.247 1.785 1.460 -- 
% of Variance 21.396 20.423 16.225 13.270 -- 
Note. The results of principal component analysis were rotated with the varimax method. For 
clarity purposes, the components with eigenvalue > 1, and the loading of financial ratio >0.4 were 
displayed in this table. 
Bankruptcy Prediction Model Estimation 
Rolling-Logit Prediction Model 
As discussed in Chapter 111, the rolling-logit prediction model in this study was 
based upon financial ratios, auditing indicators, and the previous bankruptcy probability. 
Four dependent components from the principal component analysis represented most of 
the information of the collected financial ratios and indicate the debt-payment, 
profitability, and performance ability of the TSE corporations sampled in this study. 
Two indicators of auditing information measured accuracy and integrity of a company's 
financial reports during the sampling period. The previous bankruptcy probability was 
used to capture the previous financial and auditing information. With regard to 
predictor variables selected in this study, a rolling-logit model was constructed to predict 
TSF, corporation bankruptcy was presented in the form of: 
1 n ( L 9 ~  =a+P,,C,, +P,lC,, +P,,C,, +P.,,C,l +P,lAOl +P,,ACl +P,,PBP, 
1 - P  
Where, 
l n ( L ) ,  : Bankruptcy probability of a TSE corporation 
I - P  
Clt: Component 1 indexing the debt-payment ability of a TSE corporation 
Czt: Component 2 (based on different composition) indexing the debt-payment ability 
of a TSE corporation 
, C3t: Component 3 indexing the profitability of a TSE corporation 
Component 4 measuring the performance ability of a TSE corporation 
AOt: Auditor opinion indicating the quality of financial reports of a TSE corporation 
Act: Auditor change indicating the behavior of opinion shopping of a TSE 
corporation 
PBP: Previous bankruptcy probability capturing the previous financial and auditing 
information of a TSE corporation 
According to the research design developed in the last chapter, 104 TSE 
corporations from 1999 to 2005 were used to estimate the rolling model and coefficients 
of the predictor variables through the Jacknifing method. Table 4-16 presents the results 
of the rolling-logit prediction model estimation through the Jacknifing method in the four 
years prior to bankruptcy. The model Chi-square value is a measure to test the overall 
significance of the rolling-logit prediction model with the null hypothesis, 
P1=[32=P3=P4=Ps'P6'~ at each year. Thep-values of the model Chi-square tests 
indicated that the null hypothesis for each year is rejected at the 0.01 significance level, 
and demonstrated that rolling-logit prediction model exhibits significant explanatory 
ability to distinguish bankrupt TSE corporations from non-bankrupt TSE corporations as 
early as four years prior to bankruptcy. 
Table 4-16 also reports the estimated coefficients of the predictor variables 
through the Jacknifing method and their statistical significance. Each year the estimated 
signs of predictor variables are consistent with the expected relationships between select 
variables and bankruptcy probability. The negative sings o of the four components 
(C1-C4) indicated a inverse relationship between these components and bankruptcy 
probability. As noted in the principal component analysis, there were negative 
relationships between the debt-payment ability, profitability, and performance ability and 
its bankruptcy risk, i.e., the higher debt-payment, profitability, and performance ability, 
the lower the probability of corporation bankruptcy. In contrast, the positive signs of 
coefficients of A 0  and AC indicated that there are positive associations with unclean 
auditor opinions, auditor changes, and bankruptcy risks, i.e., the higher incidences of 
receiving unclean opinions and engaging in auditor changing, the higher the risks of 
corporate bankruptcy. Finally, the positive sign of PBP suggested that high previous 
default risks faced by a firm would reduce its present earnings, performance, and 
debt-payment abilities and increase its present bankruptcy probability. 
Furthermore, the results of Wald tests, which provide to examine the statistical 
significance of predictor variables, were also reported in Table 4-16. At the 0.05 
significance level, thep-values of four components indicated that (a) the component C1 
was significant in all four years, (b) the component C2 was significant in the year 
preceding bankruptcy, (c) the component C3 was significant from three years to one year 
before bankruptcy, and (d) the component C4 was significant in the three and four years 
prior to bankruptcy. The results of significance tests showed that the four components 
played significantly different roles in measuring the bankrupt probability across the 
period in the rolling-logit prediction model, and the component C1 and C3 had significant 
explanatory power in distinguishing bankrupt TSE corporations from non-bankrupt TSE 
corporations in most periods. Regarding the significance test on auditing indicators, the 
p-values showed that the two indicators were insignificant through all four years. 
Whereas, the decreasingp-values indicated that the two indicators exhibited more 
discriminating power as near bankruptcy. Finally, the p-values of the Wald tests on the 
PBP indicated that the variable was significant with the 0.05 level in one and two years 
before bankruptcy. The significance test results of the PBP revealed that the recall 
mechanism began significant efforts in the rolling-logit prediction until two years before 
bankruptcy. 
Table 4- 16 
The Rolling-Logit Prediction Model Estimation Through the JackniJing Method 
Predictor variables Model 
chi-square 
Ca CI c2 c3 C4 A 0  AC PBP value 
T=- 1 
Coefficient -3.237 -1.764 -1.583 -3.3 13 -1.848 0.967 1.227 0.925 109.666 
S.D 1.205 0.611 0.738 1.125 1.808 0.989 1.024 0.398 
Wald statistic 7.213 8.335 4.597 8.673 1.044 0.955 1.436 5.408 
p-value 0.007 0.002 0.032 0.030 0.307 0.328 0.231 0.020 0.000 
T=-2 
Coefficient -0.275 -.925 -0.034 -1.960 -0.722 0.264 0.027 0.753 66.644 
S.D. 0.399 0.354 0.275 0.702 0.720 0.736 0.705 0.261 
Waldstatistic 0.472 6.836 0.015 7.795 1.005 0.129 0.002 8.320 
p-value 0.492 0.009 0.901 0.005 0.316 0.720 0.969 0.004 0.000 
T=-3 
Coefficient -0.197 -0.744 -0.012 -2.446 -1.593 0.210 0.379 0.364 50.725 
S.D. 0.373 0.322 0.256 0.780 0.708 0.768 0.732 0.417 
Waldstatistic 0.281 5.339 0.002 9.838 5.506 0.075 0.268 0.762 
p-value 0.596 0.021 0.961 0.002 0.025 0.785 0.605 0.383 0.000 
T=-4 
Coefficient -0.138 -0.632 -0.041 -0.819 -1.167 0.718 0.015 --a 22.777 
S.D. 0.282 0.263 0.220 0.513 0.468 0.582 0.730 - -a  
Waldstatistic 0.240 5.777 0.035 2.552 6.212 1.522 0.000 - -a  
p-value 0.624 0.016 0.852 0.110 0.013 0.217 0.983 - -a  0.001 
a In this study, the rolling-logit model estimation began at four years prior to bankruptcy, so the 
coefficient of PBP was not reported at this year. 
Logit Prediction Model 
For comparison purposes, a logit prediction model, based on single period 
information, was also developed and estimated in this study. The logit prediction was 
presented in the form of 
Where, 
1 n ( 1 ) ,  : Bankruptcy probability of a TSE corporation 
1-P 
Clt: Component 1 indexing the debt-payment ability of a TSE corporation 
Czt: Component 2 (based on different composition) indexing the debt-payment ability 
of a TSE corporation 
C3: Component 3 indexing the profitability of a TSE corporation 
C4t: Component 4 measuring the performance ability of a TSE corporation 
AOt: Auditor opinion indicating the quality of financial reports of a TSE corporation 
Act: Auditor change indicating the behavior of opinion shopping of a TSE 
corporation 
Table 4-17 presents the results of the logit prediction model estimation through 
the Jacknifing method in each of the four years prior to bankruptcy. The statistical tests 
for the significance of the overall model showed that that the logit prediction model 
exhibited significant explanatory ability to distinguish bankrupt corporations from 
non-bankrupt corporations in each of the four years before bankruptcy. In addition, the 
signs of the estimate coefficient were the same as the findings of the rolling-logit model - 
negative relationships for the four independent components and positive for the two 
auditing indicators. These relationships ascertained that a TSE corporation with higher 
debt-payment, profitability, and performance abilities exhibited a lower bankruptcy 
probability, and the corporation with the higher incidences of receiving unclean opinions 
and engaging in auditor changing has higher bankruptcy risks. Regarding the statistical 
significance tests on coefficients, the results for the components, C1, C2 and C3, were the 
same in the two prediction models: (a) the component Cl was significant in all four years, 
(b) the component C2 wasignificant in the year preceding bankruptcy, and (c) the 
component C3 was significant through three years to one year before bankruptcy. But 
there was an inconsistency in the significance of component C4 between the two 
prediction models, The results of Wald tests indicated that the Component Cq was 
significant in all four years in the logit prediction model, as a result that differed from the 
results found in the rolling-logit prediction model. Finally, the statistical significance 
tests on auditor indicators indicated the same results in the rolling-logit model, that two 
indicators were insignificant in all four years before bankruptcy, but that these indicators 
exhibited increasing explanatory abilities as approaching bankruptcy. 
Table 4- 17 
The Logit Prediction Model Estimation Through the Jacknijing Method 
Predictor variables Model 
chi-square 
Ca CI c2 c3 c4 A 0  AC value 
T=- 1 
Coefficient -3.320 -2.797 -1.686 -3.402 -2.630 1.481 1.137 102.012 
S.D 0.971 0.951 0.571 1.052 1.362 0.896 0.923 
Wald statistic 11.691 8.642 8.725 10.466 3.727 2.730 1.517 
p-value 0.001 0.003 0.003 0.001 0.054 0.098 0.218 0.000 
T=-2 
Coefficient -0.463 -.I280 -0.371 -2.395 -1.713 0.418 0.201 55.730 
S.D. 0.377 0.337 0.235 0.674 0.673 0.698 0.709 
Wald statistic 1.51 1 14.396 2.489 12.634 6.489 0.359 0.080 
p-value 0.219 0.000 0.115 0.000 0.011 0.549 0.777 0.000 
T=-3 
Coefficient -.265 -0.084 -0.038 -2.481 -1.912 0.408 0.487 49.991 
S.D. 0.365 0.289 0.257 0.776 0.630 0.729 0.716 
Wald statistic 0.525 9.351 0.021 10.212 9.217 0.313 0.462 
p-value 0.469 0.002 0.884 0.001 0.002 0.576 0.497 0.000 
T=-4 
Coefficient -0.138 -0.632 -0.041 -0.819 -1.167 0.718 0.015 22.777 
S.D. 0.282 0.263 0.220 0.513 0.468 0.582 0.730 
Waldstatistic 0.240 5.777 0.035 2.552 6.212 1.552 0.000 
p-value 0.624 0.016 0.852 0.110 0.013 0.217 0.983 0.001 
Predictive Performance Comparisons 
The predictive performance is evaluated by percentage in the terms of type I error, 
type I1 error, and overall accuracy. Because the recall mechanism of the rolling-logit 
model began at three years prior to bankruptcy, this study summarized and compared the 
predictive performances between the rolling-logit prediction model and the logit 
prediction model at one, two, and three years before bankruptcy. With the cutoff value 
at 0.5, the rolling-logit model exhibited 94.23%, 83.65%, and 74.04% overall accuracy at 
one, two, and three years before bankruptcy. Meanwhile, the type I errors were 3.85%, 
15.38%, and 26.92%, and the type I1 errors were 7.69%, 17.3 1%, and 25% in the 
corresponding years. Regarding the predictive performance of the logit model, the 
model showed 90.38%, 80.76%, and 73.07% overall accuracy at one, two, and three 
years before bankruptcy. The type I errors of this model were 11.53%, 17.3 1%, and 
26.92%, and the type I1 errors were 7.69%, 21.15%, and 26.92% at one, two, and three 
years before bankruptcy. 
As indicated in Table 4-1 8, the rolling-logit prediction model, when compared to 
the logit prediction model, exhibited higher overall accuracies and lower 
misclassification errors for the sample TSE corporations at each of the three years before 
bankruptcy. The comparison results indicated that the rolling-logit prediction model 
shows the higher predictive performance in discriminating between bankrupt TSE 
corporations and non-bankrupt TSE corporations. Table 4-1 8 summarizes the predictive 
performance comparisons between the rolling-logit prediction model and the logit 
prediction model. 
Table 4- 18 
Predictive Performance Comparisons Between Rolling-Logit Prediction Model and Logit 
Prediction Model 
Type I error Type I1 error Accuracy 
Rolling-logit model 
Logit model 
T=-2 
Rolling-logit model 
Logit model 
T=-3 
Rolling-logit model 
Logit model 
Note. The cutoff value in this study was 0.5. Type I error meant a bankrupt TSE corporation 
classified as a non-bankrupt corporation. Type I1 error meant a non-bankrupt TSE corporation 
classified as a bankrupt corporation. 
Chapter IV presented the results of the empirical analysis based on the data of 104 
TSE corporations during the period 1999-2005. The results included (1) descriptive 
analysis of the sample bankrupt corporations, (2) mean comparison tests between 
bankrupt and non-bankrupt TSE corporations in financial ratios and auditing attributes, 
and (3) the development of bankruptcy prediction model. According to the empirical 
results, this study furthermore presented the answers of the research questions and the test 
results of the research hypotheses. 
CHAPTER V 
SUMMARY AND DISCUSSION 
The purposes of this study were to describe the profile characteristics of the 
sample TSE corporations, investigate descriptive statistics and compare mean values in 
financial ratios and auditing indicators between the two groups, and validate the 
usefulness of a rolling-logit prediction model for the TSE corporations. The 52 TSE 
corporations were identified as bankrupt corporations and through a match-paired 
procedure, a total of 104 TSE corporations were analyzed. Based on the data of 104 
TSE corporations during the period 1999-2005, the empirical results indicated that 
bankrupt TSE corporations exhibit significant inferiorities in financial attributes before 
bankruptcy and that the rolling-logit prediction model showed the higher predictive 
performance in discriminating between bankrupt TSE corporations and non-bankrupt 
TSE corporations in each of the three years before bankruptcy when compared to the 
logit model, This chapter presented the findings and interpretations of the empirical 
results, the implications, conclusions and limitations of this study, and the 
recommendations for future studies. 
Interpretations 
The Profile Characteristics of the TSE Corporations Sampled in This Study 
This study first conducted a descriptive analysis to describe the profile 
characteristics of the two groups sampled in this study, and found that the bankruptcy 
group had less annual sales, net income, and total assets at prior bankruptcy stages. The 
frequency distribution of average-annual sales for the two groups indicated that the 
majority of the bankruptcy group (82.7%) had average-annual sales below NT 7,000 
million dollars before bankruptcy, whereas only 42.3% of the non-bankruptcy group had 
average-annual sales below NT 7,000 million dollars. For average-annual net income, 
76.9% of the bankruptcy group experienced annual losses before bankruptcy, while only 
7.7% of the non-bankruptcy group exhibited negative profits. In the term of 
average-annual total assets, 76.9% of the bankruptcy group had annual total assets less 
than NT 15,000 million dollars. In contrast, none of the non-bankruptcy group had 
annual total assets less than NT 15,000 million dollars. 
In addition, the means of these three characteristics for these two groups were also 
calculated in this study. In the bankruptcy group, the mean of annual sales was NT 
4,798.2 million dollars, the mean of annual net income was -NT 383.4 million dollars, 
and the mean of annual total assets was NT 11,690.1 million dollars. In contrast the 
mean of annual sales of the non-bankruptcy group was NT 15,393.6 million dollars, the 
mean of annual net income was NT 1,769.2 million dollars, and the mean of annual total 
assets was NT 27,605.5 million dollars. 
The frequency distribution and mean statistics of the three profile characteristics 
clearly indicated that the bankruptcy group had less annual sales, net income, and total 
assets than the non-bankruptcy group at prior bankruptcy stages. Based on the results, 
this study inferred that bankrupt TSE corporations usually incurred more losses from 
declining earnings, and had less total assets to protect themselves from unexpected losses 
before bankruptcy. Meanwhile, the findings concerning profile characteristics in this 
study were consistent with Altrnan's (1 993) claim that a failing firm incurring losses 
deteriorates in its assets and cash position, which results in aggravating its financial 
conditions. 
Descriptive Statistics and Mean Comparison Tests 
Financial Ratios 
Financial ratios are a valuable measure for disclosing important financial 
information and assessing the financial condition of a company (Tamari, 1978; Gibson, 
1982; White et al., 1993; Malonis, 2000; Hossari & Rahman, 2005). According to the 
suggestions in the reviewed literature, this study used four groups of financial ratios to 
investigate and compare financial characteristics between the bankruptcy group and the 
non-bankruptcy group. Based on the results of the mean comparison tests in financial 
ratios, this study found that the bankruptcy group exhibited significant inferiorities in the 
collected financial ratios through the sample period, except for the ratio of ITR in the 
year before bankruptcy. The exception was that the bankruptcy group had an 
unexpectedly higher ITR than the non-bankruptcy group in the year before bankruptcy. 
This could be explained that bankrupt TSE corporations sold their inventories in order to 
pay the matured obligations or meet the unexpected cash shortage when approaching 
bankruptcy. The sale of inventory dramatically raised the ratio of ITR, which caused 
bankrupt TSE corporations have higher ITR ratio than non-bankrupt TSE corporations in 
one year before bankruptcy. However, the findings of mean comparison tests in 
financial ratios mostly supported the idea, that a failing corporation usually experiences 
declining earnings from operations, has less liquidity to meet its current obligations and 
exhibits lower efficiency in managing its assets, while at the same time having a higher 
leverage position (Beaver, 1966; Tamari, 1978; Altman, 1968 & 1993; White et al., 1993; 
Morris, 1997; Falkenstein et al., 2000). 
In addition to mean comparison tests, this study charted the time-patterns of each 
financial ratio for the two groups. In this study, the time-patterns clearly showed that 
the bankruptcy group had a continuous decline in profitability and liquidity, and a 
persistent increase in leverage through four years prior to bankruptcy. In contrast, the 
non-bankruptcy group exhibited a relative stability in profitability, liquidity, and 
performance, and maintained a modest level of leverage. The results of time-pattern 
analysis in this study demonstrated that bankrupt TSE corporations usually experienced a 
continuous deterioration in their financial condition, which results in exhibiting higher 
and higher bankruptcy risks as they approach bankruptcy. 
Auditing Indicators 
According to Guy and Carmichael(2001), auditing indicators are a measure to 
disclose accuracy and integrity of a company's financial statement and report. This 
study used two indicators, auditor's opinion and auditor change, to investigate and 
compare auditing characteristics between the bankruptcy group and non-bankruptcy 
group. Based on the results of the mean comparison tests in auditing indicators, this 
study found that the bankruptcy group exhibited significant inferiorities in auditing 
respects just one year before bankruptcy, i.e., the bankruptcy group had significantly 
higher incidents of receiving unclean auditor's opinions and changing auditors. The 
findings demonstrated that a deteriorating financial condition could be a critical factor 
determining whether an auditor issues an unclean opinion or whether a corporation 
changes its incumbent auditor. As indicated above, a failing TSE experienced more 
aggravated financial conditions in the year before bankruptcy. The deteriorated 
situations induced managers to use aggressive tactics, such as manipulating the 
company's reports or opinion shopping, with an intention of suppressing the increasingly 
dire financial situation from investors and creditors. According to the finding in this 
study, the bankruptcy group had significantly higher incidences of receiving unclean 
opinions and changing auditors in the year before bankruptcy. These findings were 
partially consistent with the findings of Altman and McGough (1974), Chow and Rice 
(1 982), Menon and Schwartz (1985 & 1986) and Hopwood et al. (1 989) that in the period 
of financial distress, bankrupt corporations have a higher probability that they will 
receive unclean opinion and engage in opinion shopping. 
Furthermore, the time-patterns of the auditing indicators for the two groups 
clearly showed that the bankruptcy group had a dramatic increase in the proportions of 
receiving unclean opinions and changing auditors, while the non-bankruptcy group 
exhibited relative stability in the proportions throughout the sampling period. The 
results of time-pattern analysis verified the findings of the mean comparison tests for the 
auditing indicators. 
Bankruptcy Prediction Model Estimation and Validation 
Principal Component Analysis 
As suggested in the studies of Pinches (1980), Zavgren (1985), and Ezzamle et al. 
(1987), this study used principal component analysis to extract independent components 
that can represent most information of the collected financial ratios. Four components 
were extracted with an eigenvalue larger than 1, which explained 71.32% of the total 
variance of the collected financial ratios. Examining the compositions and the signs of 
their factor loading in each component indicated that these four independent components 
simultaneously measured the debt-payment, profitability, and performance ability 
corporation of a TSE corporation in this study. 
Bankruptcy Prediction Model Estimation 
Based on the estimation results of the four independent components in the two 
prediction models, this study found that there were negative relationships between the 
four components and corporate bankruptcy probability. The reverse relationships 
suggested that a TSE corporation with a higher debt-payment ability, profitability, and 
performance ability exhibits a lower bankruptcy probability. These expected 
relationships supported most of the previous bankruptcy literature reviewed in this study, 
such as Tamari (1978), Altman (1968 & 1993), Ohlson (198O), Zavgren (1985), Morris 
(1997), and others. Furthermore, the significance tests on the coefficients consistently 
revealed that the component CI (comprising three liquidity ratios and one leverage ratio) 
and component C3 (comprising two profitability ratios) were significant across most 
periods in the two prediction models. The results of coefficient tests suggested that the 
factors of debt-payment ability and profitability could be critical factors in distinguishing 
bankrupt corporations from non-bankrupt corporations. The results supported the 
findings of Ohlson (1980), Zavgren (1983), Altman (1968 & 1993), Hill et al. (1996). 
Regarding the estimation results of auditing indicators, the directions and 
significance tests for the auditing indicators indicated that there were insignificantly 
positive associations with unclean auditor opinions, auditor changes, and bankruptcy 
risks. The positive relationship confirmed to the expected relationships-the higher the 
incidences of receiving unclean opinions and engaging in auditor changing, the higher the 
risks of corporate bankruptcy (Menon & Schwartz, 1986; Flagg et al., 1991). However, 
the insignificant relationships found in this study were inconsistent with the findings of 
prediction studies of Hopwood et al. (1989), Keasey and Watson (1987), Hill et al. (1996), 
and Chen et al. (2004) that auditing indicators have significantly explanatory power to 
predict corporate bankruptcy. The insignificant relationships in this study might be due 
to the range restriction of auditing indicators that affected the significance of the beta 
coefficients. 
The variables of PBP were also estimated in the rolling-logit prediction model. 
Based on the estimation results of the PBP, this study found that the PBP had positive 
associations with the present probability of corporate bankruptcy. The positive 
relationships suggested higher previous default risks for a firm would lead to 
deterioration in its present earnings, performance, and debt-payment abilities and increase 
its present bankruptcy probability. This directional finding confirmed to the study of 
Morris (1997). However, the significance test showed that the recall mechanism was 
significant in discriminating between bankrupt and non-bankrupt TSE corporations until 
two years prior to bankruptcy. The results concerning the significance of the recall 
mechanism partially confirmed to Morris' (1997) study. In Morris' (1997) study, the 
recall mechanism was a significant factor throughout the observation period. The 
inconsistency in this study implied that the training periods could be a critical issue for 
developing the rolling-logit prediction model. As verified in this study, two-year 
training data was be necessary for a rolling-logit model in predicting bankruptcy 
probability of the TSE corporations. 
Predictive Performance Comparisons 
Based on the results of predictive performance comparisons, this study found that 
the rolling-logit prediction model, in comparison to the logit prediction model, exhibited 
higher overall accuracies and lower misclassification errors. The successful 
performance of the rolling-logit prediction model was attributed to its recall mechanism - 
assessing a corporation's risks based on the previous and present information, not solely 
depending on a single period's information (Morris, 1997). The mechanism allowed the 
prediction model to recall deteriorating risks of a bankrupt corporation and to lessen the 
negative impacts of managers' manipulation of financial information in any period. In 
addition, the mechanism benefited a prediction model; assessing default risks of a 
non-bankrupt corporation based on information over time, which prevented the model 
from easily misclassifying a non-bankrupt company as bankrupt especially when a 
company temporarily faces a worsened financial situation. It was evident that the 
rolling-logit prediction in this study had lower type I errors and type JI errors than the 
logit prediction model in the two years before bankruptcy. Therefore, the finding 
concerning predictive performance comparisons confirmed to Morris' (1997) study, and 
validated the usefulness of a rolling-logit model in predicting corporate bankruptcy for 
TSE corporations. 
Conclusions 
First, the descriptive results of the three profile characteristics clearly indicated 
that bankrupt TSE corporations usually incurred more losses from declining earnings, and 
had less total assets to protect themselves from unexpected losses before bankruptcy. 
The findings were consistent with Altman's (1993) claim that a failing firm incurring 
losses has deteriorating asset and cash positions, which results in aggravating its financial 
conditions. 
Second, the mean comparison results between the two groups revealed that 
bankrupt TSE corporations exhibited significant inferiorities in financial ratios in most 
collected financial ratios across the sample period, except the ITR ratio in the one year 
before bankruptcy. Furthermore, the results of time-pattern analysis in this study 
demonstrates that bankrupt TSE corporations usually experienced a continuous 
aggravation in their financial condition, which results in exhibiting higher and higher 
bankruptcy risks as approaching bankruptcy. These empirical results mostly supported 
that a failing corporation usually experiences declining earnings from the operations, has 
less liquidity to meet its current obligations and exhibits lower efficiency in managing its 
assets, while demonstrating a higher leverage position (Beaver, 1966; Tamari, 1978; 
Altman, 1968 & 1993; White et al., 1993; Morris, 1997; Falkenstein et al., 2000). 
Third, the results of the mean comparison tests in auditing indicators indicated 
that that the bankruptcy group exhibited significant inferiorities in auditing respects at 
one year before bankruptcy, i.e., the bankruptcy group had significantly higher 
proportions of receiving unclean auditor's opinions and changing auditors. The finding 
demonstrated that an aggravated financial condition is a critical factor determining an 
auditor to issue unclean opinion or a corporation to change its incumbent auditor. This 
findings were partially consistent with the findings of Altman and McGough (1974), 
Chow and Rice (1982), Menon and Schwartz (1985 & 1986) and Hopwood et al. (1989) 
that in the period of financial distress bankrupt corporations have higher probabilities of 
receiving unclean opinions and engage in opinion shopping. 
Fourth, the estimation results of the four independent components consistently 
disclosed that there were negative relationships between the four components and 
corporate bankruptcy probability. The reverse relationships suggested that a TSE 
corporation with higher debt-payment, profitability, and performance abilities exhibited a 
lower bankruptcy probability. The finding supported most of the previous bankruptcy 
literature reviewed in this study, such as Tamari (1978), Altman (1968 & 1993), Ohlson 
(1980), Zavgren (1985), Morris (1997), and others. Furthermore, the significance tests 
on the coefficients in the two models suggested that the factors of debt-payment ability 
and profitability are critical factors in distinguishing bankrupt TSE corporations from 
non-bankrupt TSE corporations. 
Fifth, the estimation results of auditing indicators suggested that there were 
insignificantly positive associations with unclean auditor opinions, auditor changes, and 
bankruptcy risks. The positive relationship demonstrated that a TSE corporation with 
higher incidences of receiving unclean opinions and changing auditors exhibited higher 
risks of corporate bankruptcy. The direction finding supported the studies of Menon 
and Schwartz (1986) and Flagg et al. (1991). However, the insignificant relationships 
found in this study were inconsistent with the findings of prediction studies of Hopwood 
et al. (1989), Keasey and Watson (1987), Hill et al. (1996), and Chen et al. (2004). 
Sixth, the estimation results of the PBP revealed that there was a positive 
relationship between present and previous bankruptcy probability. The relationship 
inferred that higher previous default risks deteriorate a firm's present earnings, 
performance, and debt-payment abilities and increase its present bankruptcy probability. 
The findings of the direction of the variable were consistent with the study of Morris 
(1997). However, the significance tests showed that the recall mechanism was 
significant factor in discriminating between bankrupt and non-bankrupt TSE corporations 
until the two year prior to bankruptcy. This result was partially inconsistency with 
Morris' (1 997) study, where the PBP variable was significant in predicting bankrupt U.K 
companies throughout the sample period. This implied that the training periods might 
be a critical issue for developing a rolling-logit prediction model. As verified in this 
study, two-year training data was necessary to develop a rolling-logit model capable of 
predicting bankruptcy probability of the TSE corporations. 
Seventh, the results of the predictive performance comparisons showed that the 
rolling-logit prediction model, when compared to the logit prediction model, exhibited 
higher predictive performances. The successful performance of the rolling-logit 
prediction model was attributed to its recall mechanism. The recall mechanism 
provided the rolling-logit prediction model a way to measure a TSE corporation's risks 
based upon consistent information across time. Therefore, the results confirmed to 
Morris' (1997) study, while validating the usefulness of a rolling-logit model in 
predicting corporate bankruptcy for TSE corporations 
Practical Implications 
An effective prediction model can benefit the stakeholders of a corporation, such 
as managers, investors and debtors, and can reduce the potential social costs which result 
from corporate failure. Based on the empirical results and the findings from the section 
of prediction model estimation and validation, this study provided the following 
t suggestions for Taiwanese practitioners: 
First, the significance tests on the coefficients revealed that debt-payment ability 
and profitability were significant factors in the two models in distinguishing bankrupt 
TSE corporations from non-bankrupt TSE corporations. These results suggest the two 
factors are critical in influencing a company's bankruptcy risks. Therefore, managers 
need to make an effort to maintain their companies at reasonable earnings levels, 
adequate liquidity, and a modest leverage level in operations. These efforts could 
enhance their companies' debt-payment ability, and thus reduce the corresponding 
bankruptcy probability. 
Second, the empirical results showed that a rolling-logit prediction model 
exhibited higher predictive performances in discriminating between bankrupt TSE 
corporations and non-bankrupt TSE corporations. This suggests that a rolling-logit 
prediction model is an appropriate method for Taiwanese investors and banks to measure 
the credit risks of a TSE corporation. As discussed above, the recall mechanism of the 
rolling-logit prediction model can help investors and banks to objectively assess a TSE 
corporation's risks based on consistent information through periods. Furthermore, 
investors and banks can request reasonable risk premiums based on the bankruptcy risks 
estimated from the model. 
Limitations 
This study, however, had limitations due to the selection of the sample, data, and 
variables. First, the sample in this study was represented by TSE corporations. 
Therefore, the results and finding of this study may not generalize to other security 
markets in Taiwan, such as Taiwan OTC market. 
Second, this study excluded TSE corporations in the banking and insurance 
industry, because of a different method used to calculate financial ratios of banking and 
insurance corporations in the TEJ database. This constraint limits the applicability of 
the rolling-logit model to predict the bankruptcies of the TSE corporations in the industry 
of banking and insurance. 
Third, the sample of firms in this study was not randomly selected. This study 
excluded the TSE bankrupt corporations in the sample as the required data was not 
available in the TEJ and the TSFI databases or the companies could not be appropriately 
match-paired with non-bankrupt ones. Because of these data restrictions, 24 TSE 
bankrupt corporations have been excluded in this study. This data constraint may limit 
the external ability of the rolling-logit prediction model in discriminating between 
bankrupt and non-bankrupt corporations. 
Fourth, constrained by the costs to collect data, this study selected 11 financial 
ratios and 2 auditing indicators as primary predictor variables. The variable selection 
limitation may cause this study to ignore some critical variables included in prediction 
model development which decrease the rolling-logit prediction model's predictive ability. 
Recommendations for Future Study . 
Future study could extend the present study in the following areas. First, 
principle component analysis has shown to allow this study to extract most representative 
components, which can capture most of the predictive information, and avoid the 
mulitcollinearity problem in the prediction model estimations. Therefore, future studies 
could adopt principal component analysis to extract independent components in order to 
develop a more efficient prediction model. 
Second, this study already has validated the usefulness of a rolling-logit 
prediction model in discriminating bankrupt corporations from non-bankrupt corporations 
in the TSE market. However, the applicability of the prediction model is limited to the 
TSE market. Therefore, future studies could apply and validate this method in 
predicting corporate bankruptcy in the other security markets. 
Third, the variable selection limitation might cause this study to ignore some 
critical variables, which decreases their predictive ability. Future studies could select 
other variables as predictor variables in a rolling-logit prediction model, such as 
corporate governance indicators, in order to increase the model's predictive ability. 
Fourth, this study evaluated the performance of the prediction model in terms of 
overall accuracy calculated with equal weights of type I error and type I1 errors. It is 
obvious that the type I error (misclassifying bankrupt corporations as non-bankrupt) is 
more costly than type I1 error (misclassifying non-bankrupt corporations as bankrupt). 
Therefore, future study could design different weights between the two errors in order to 
develop a value-added prediction model for practitioners. 
This chapter presented the findings and interpretations of the empirical results 
presented in Chapter IV. Based on the empirical findings, this study further provided 
the implications, conclusions and limitations of this study, and suggestions for future 
studies. 
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APPENDIX A 
A Matched-Pair List of Bankrupt and Non-Bankrupt Companies in This Study 
Taiwan Pineapple Corp. 
Formosa Oilseed Processing Eagle Holding Corp. 
Yuan Yi Co., Ltd. 
Taroko Textile Cop .  
C Brother Industrial Co., 
KPT Industries Ltd. 
U-Lead Industrial Corp. 
CIS Technology Inc. 
Picvue Electronics, Ltd 
peq Manufacturing Co., 
U-Tech Media Corp. 
Infodisc Tech. Co., Ltd. 
Kingdom Construction Co., 
e Ambassador Hotel, Ltd. 
Premier Image Technology 
Sun Splendor Co., Ltd. 
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